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Abstract

The red alga Kappaphycus alvarezii (Doty) Doty ex P.C. Silva has been introduced and mono cultivated in Indonesia as a
seaweed commodity. This species is specifically grown in shallow and clear seawater, although there are several reports
concerning the cultivation in deep seawater. It is interesting to know compositional changes of chlorophylls and carotenoids
when K. alvarezii is grown at different depths. In this investigation, therefore K. alvarezii green and brown variants were
cultivated at about 0.2 m (normal grown condition), 1 m, and 2 m depths and successfully obtained different ratios of chlorophyll
and carotenoid composition at different depths. Quantitative analyses of chlorophylls to carotenoids ratio were carried out using
data of chromatogram peak area. This investigation subsequently evaluated the photo and thermo-stability of the pigment extracts
to examine the effects of pigment composition on the degradation rate of the pigments. This investigation was aimed to provide
information regarding compositional change of the pigments by acclimation in terms of cultivation depths and pigment stability
in vitro at condition of natural pigment composition in this alga.
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1. Introduction

Marine organisms have been known as high potential natural resources. Seaweed as one of the most important
marine organisms plays a role as primary producer in water ecosystem. In industrial view, seaweed becomes an
important commodity since it has been widely described as a source of agar, carrageenan, and alginate followed by
this bio product economic values'™. Red alga, Kappaphycus alvarezii (Doty) Doty ex P.C. Silva originally comes
from Philippines and, currently, its spread all over the world’. This species are firstly introduced in Indonesia in
1985 and became popular as one of the potential marine aquaculture products®. In 2010, Indonesia has reached the
second position as the highest productivity of seaweed in the world. In order to make alternative option in
developing K. alvarezii economical value by different products, its biomass availability is critical especially in
Indonesia.

It has been reported that K. alvarezii classified into red, brown, and green variants from their different
pigmentation’, although most seaweed had been classified conventionally based on thallus coloration®. This varied
coloration had been studied for decades and reported regarding differences in growth characteristics, photosynthesis,
and carrageenan yield”’. In this study, it is considered to use brown and green variant due to its availability and
preferentially used as field and cultivation trials studies'’. Regionally, K. alvarezii were grown in mostly coastal area
in Indonesia. Madura has become one of the most potential product areas in East Java. Introduction of K. alvarezii in
Java has begun in 1990. At that time (1990 to 1991), Madura has shown their potential ability by producing
100 ton to 500 ton at annum, while some region in South Sulawesi, currently as the main K. alvarezii producer in
Indonesia, only produced less than 100 ton at annum'".

The world consumption of K. alvarezii are mainly supplied by Philippines and Indonesia'’, and it is
exponentially increasing due to the highly demand of kappa-carrageenan for industrial purposes. Presently,
K. alvarezii is being used as potential source of carrageenan. The pigment-destructive methods were usually applied
to produce total bleached carrageenan product. It is interesting to minimize the degradation of pigments, and utilize
the pigments into valuable products. Some reports'>'* described that K. alvarezii is potential producer of
photosynthetic pigments such as zeaxanthin, chlorophyll @, and B-carotene. Those pigments are not only potentially
to be developed into human-safe food colorant, but also it has an important health functional benefit, i.e. zeaxanthin
which can be used as anti-prostate cancer and anti-age related macular degeneration'>'®, Chlorophyll a can be used
as the main material for photodynamic therapy against cancer'’, and p-carotene as the antioxidant and precursor of
vitamin A'®,

Unlike most species of Chlorophyta and Phaeophyta, as the members of Rhodophyta, K. alvarezii contains
phycoerythrin as a protein-pigment complex, in addition to chlorophylls/carotenoids-containing complexes'’. These
complex systems allow this seaweed species to enhance its ability in harvesting green to yellow lights. There were
several investigations on this species ability in triggering pigment production through different depth cultivation®*?',
however complete composition of chlorophyll and carotenoid pigments had not been reported. In this report,
information about pigment composition of K. alvarezii var. green and brown which grown in different depths and in
vitro study on the stability of crude pigments extracts with different chlorophylls/carotenoids ratios against heat and
irradiation were provided. Considering its pigment application prospect, K. alvarezii was proved that is not only
important in producing kappa-carrageenan but also potential in providing natural pigments for any useful purposes.

2. Materials and methods
2.1. Algae and cultivation

Red alga Kappaphycus alvarezii (Doty) Doty ex P.C. Silva var. brown and var. green were cultivated in
Sumenep seashore (= 50 m from coastline), Padike village, Talango Island, Madura, East Java (S 7° 5' 18.0636", E
113° 56' 20.1804") (Fig. 1). Cultivation was carried out in a floating raft which had different depth positions of 0.2
m, 1 m and 2 m. K. alvarezii green and brown variants were measured 50 g in weight and tightened in raft with
ropes and cultivated for 40 d. After cultivation, these samples were harvested and collected into dark plastic bag and
kept at low temperature under the dark in an ice and sealed dark box during transportations.
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Fig. 1. K. alvarezii cultivation site (solid circle) was located in Padike village, Talango Island, Madura, East Java, Indonesia.
2.2. Chemicals

GR or HPLC grade chemicals and solvents were obtained from MERCK (Darmstadt, Germany). The solvents
were filtered using polypropylene backed membrane filter (0.5 pm) (Whatman, Maidstone, UK) and degassed prior
to use. Pre-injection pigment samples were filtered through a nylon membrane (0.2 pm) (Whatman). Ammonium
acetate which was used in HPLC system was analytical reagent grade (Chameleon Reagent, Osaka, Japan).

2.3. Pigment extraction

Sample (4 g wet weight) was ground in a mortar after addition of a trace portion of sodium L-ascorbate and
calcium carbonate to minimize oxidative reaction and reduce acidification, respectively, due to cell lysis. Pigments
of K. alvarezii green and brown variants from different depths were extracted using 20 mL solvent mixture of
acetone:methanol (3 : 7, in volume) and recovered by centrifuge at 550 rpm (60 rpm = 1 hertz) for 15 min. This step
was repeated three times until the residue becomes colorless. The extracts were collected and filtered, then
partitioned using diethyl ether, petroleum benzene, and saturated sodium chloride. Non-polar fraction (upper
fraction) was then collected and concentrated using a rotary evaporator. All of these steps were done in dimmed
light at room temperature (£ 25 °C), and under nitrogen (ultra-high purity grade) (SAMATOR, Surabaya, Indonesia)
atmosphere.

2.4. HPLC analysis

HPLC analysis was carried out with Liquid Chromatography (LC) 20AD which was equipped by photodiode
array detector, SPD-M20A and column oven CTO-20A (Shimadzu, Kyoto, Japan). The analytical column was
Shim—pack VP-ODS C18 (5 um, 4 i.d. x 250 mm) column protected by guard column. The injection volume was 20
pL. HPLC analysis was performed using a tertiary solvent system consisted of methanol (A), acetone (B), and 1 M
ammonium acetate (C) and gradient elution with a time program in the following: 0 min to 10 min, A : B : C =
80 : 10 : 10; 10 min to 25 min, 80 : 16 : 4; and 25 min to 80 min, 80 : 20 : 0, by volume. The flow rate was 1 mL -
min "' at a temperature of 30 °C and pigments were detected in the range of 190 nm to 800 nm.
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2.5. Stability assays

Stability assay against thermal and irradiation treatments of crude pigment extracts from each sample was carried
out with absorption spectroscopy at 300 nm to 800 nm in 100 % acetone. The starting sample was adjusted at Q,
band (665 nm) to give an absorbance of approximately 0.5 AU. Thermo stability assay was performed using water
bath at 90 °C for 10 min, 20 min, 30 min, 60 min, 90 min, and 120 min. Thermal treatments were recorded using
UV-Vis Spectrophotometer UV-1700 (Shimadzu). Photo-stability assay was carried out with a halogen lamp
Intralux® 4100 (Volpi) at a light intensity of 1417 umol photons m > s ' for about 45 min. A real time spectrum
was measured using Multispec 1501 UV-Vis Spectrophotometer (Shimadzu) and the data were recorded every
5 min.

2.6. Data recording and analysis

Chromatograms were recorded using LC solution version 1.24 SP1 (Shimadzu). Absorption spectra and
chromatograms were plotted using Plotx32 version 1.35 (created by Akifumi Ikehata, NFRI, Tsukuba, Japan) and
Origin version 7.0 (Origin Lab Corp.).

3. Results and discussion

The advantage of isograms is to be able to easily compare the separation and concentration of some pigments in
parallel without limiting selection to a given detection wavelength. As can be seen in Fig. 2, the blue color indicates
chromatogram baseline (low intensity), while yellow to red color scales indicate absorption intensity. The isogram
of purified standard pigments, such as zeaxanthin, chlorophyll a, and f-carotene, are shown in Fig. 2A. The
separation of chlorophyll a is indicated by the increasing intensity of the color contours at 400 nm to 500 nm for
Soret band and 550 nm to 650 nm for Qx and Qy bands. The carotenoid groups can also be identified by the color
contour at 400 nm to 500 nm. The first peak-line (3.27 min) with absorbance peak range at 300 nm to 350 nm
indicated solvent peak position. The second, the third and the fourth peak lines were the positions of zeaxanthin
(19.65 min), chlorophyll a (37.85 min), and B-carotene (60.24 min), respectively. These pigments can be detected
clearly by the isograms (Fig. 2. B, C, D, E) by observing the color contours.
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Fig. 2. HPLC isograms of the standard pigments, zeaxanthin, chlorophyll @, and B-carotene in order of elution (A), pigment extracts from
K. alvarezii brown (B and C) and green (D and E) variants, which were cultivated in 1 m and 2 m depths, respectively. The red color on
contour map indicates the apex of an absorption peak (in mAU), while the blue indicates baseline.
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Fig. 3. HPLC Chromatograms of pigment extracts from K. alvarezii brown (left) and green (right) variants in different depths. Peak areas were
calculated from selected wavelength at 430 nm.

In order to identify the carotenoid and chlorophyll groups in details, a single wavelength detection at 430 nm has
been chosen. There are 26 peaks that can be clearly detected from the sample of K. alvarezii (Fig. 3, Table 1). The
major pigments were identified as antheraxanthin (17.56 min), zeaxanthin (19.65 min), chlorophyll a (37.85 min), a-
carotene (44.72 min), and f-carotene (60.24 min). The minor peaks were expected to be alteration products of the
major pigments, i.e., chlorophylide @ (5.29 min), pheophytin a (55.73 min), cis derivatives of
carotenes/xanthophylls, and unidentified trace pigments. The composition of pigment from both variants has shown
to be similar based on the number and the retention time of the peaks. This carotenoid composition in K. alvarezii is
in agreement with those of other red algae™ .

Table 1 lists the identified pigments from the 26 detected peaks. In general, both variants had similar major
pigments, but there were small differences in the presence of minor pigments and derivatives as can be seen in
Table 1. Unidentified xanthophylls, chlorophylls, and their derivatives were mostly recorded up to 25 min. In
addition, derivatives of some major pigments were also found from all samples, i.e., chlorophylide a (5.29 min), cis-
antheraxanthin (16.99 min), and pheophytin a (55.73 min).

Fig. 3 shows that K. alvarezii contained similar composition of pigments even when it is cultured in different
depth of water column. However, it is expected that concentrations of pigments were varied depending on the
culture depth position in both variants. It is known that the different pigment composition of red algae is influenced
by solar irradiance that penetrates into the water level®. Here the relative concentration of pigments is presented
according to the peak areas (Table 1). The highest total concentration of chlorophylls and carotenoids in the green
variant were obtained from the algae cultivated at 0.2 m depth. Relative concentration of total pigments decreased
when it was grown deeper at 1 m depth, but it increased when algae were grown at 2 m depth. The ratio between
chlorophyll and carotenoid pigments appears to decrease along with decreasing their cultivation positions.
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Table 1. Identification of pigment in Kappaphycus alvarezii brown and green variants

Peak area at 430 nm**

Peak ¢

« - Identified pigment Brown variant Green variant -
no mal
02m 1m 2m 02m 1m 2m
1 5.29 chlorophyllide a 41.5 12.3 35 57.4 12.8 5.5 432,610,665
2 7.09 xanthophyll group - 7.8 - 10.7 4.5 6.7 427,(446),(665)
3 7.19 chlorophyll group 14.8 - 6.2 - - - 433,(627),667
4 7.81 Xanthophyll group - 12.1 - 43.0 6.7 10.5 (423),442,(451)
5 7.95 Xanthophyll group 17.5 - 8.2 - - - (424),443,(457)
6 9.94  Xanthophyll group - 43 9.4 - 134 2.8 (420),442,(452)
7 10.48  chlorophyll group 7.6 - - - - - 412,(608),664
8 16.98 o-cryptoxanthin 0.5 4.1 14.5 37.1 54 26.6 418,443,470
9 17.45 antheraxanthin 38.2 15.2 21.8 53.0 15.8 7.0 418,443,470
10 19.50 zeaxanthin 274.9 123.1 364.8 547.0 163.4 433.7 (421),447,474
11 21.15 cis- xanthophyll 8.9 - - - - - (413),(441),(466)
12 22.48 cis- xanthophyll 9.0 - 1.7 5.8 - - (423),(445),(457)
13 23.64 cis- xanthophyll 16.5 123.1 19.9 28.3 10.5 22.4 (415),(440),(467)
14 24.40 cis- xanthophyll 5.7 - 19.9 16.3 4.9 2.6 (415),(443),(466)
15 34.58  chlorophyll a-like 16.2 6.8 15.9 359 7.6 334 432,(610),664
16 35.17  chlorophyll a-like 75.5 384 153.7 211.8 413 189.1 432,(610), 664
17 36.35  chlorophyll a-like 9.8 7.3 32.8 479 12.2 50.0 430, (616), 665
18 37.72 chlorophyll a 1845.8 956.0 21527  2736.0 951.7 2170.1 430,618,664
19 39.37 chlorophyll a’ 73.6 61.5 83.3 112.9 65.7 115.1 430,(617),663
20 41.18 chlorophyll a’ 3.6 1.4 32 - - - 432,(617),665
21 44.58 a-carotene 44.4 14.9 27.4 54.0 12.0 47.0 (418),443,471
22 47.45  pheophytin a-like - - - 6.6 - - 410,(610),662
23 49.39  pheophytin a-like - - - 4.6 - - 409,(609),664
24 55.73 pheophytin a 14.6 43 10.6 24.3 4.5 61.1 408,(610),665
25 58.35 carotenoid group 261.9 203.7 461.1 383 16.5 132.5 (415),445,470
26 60.24 B-carotene 3024 150.1 339.9 514.9 139.7 4574 (428),450,476
Total chls peak area 2103 1088 24619 32374 10958 26243
% Total chls peak area 68.2 62.2 65.6 70.5 73.6 69.5
Total cars peak area 979.9 658.4 1288.6 1348.4 392.8 1149.2
% Total cars peak area 31.7 37.7 343 29.4 26.3 304
Chlorophylls/carotenoids ratio 2.1 1.6 1.9 24 2.7 2.2

*according to numbering of chromatogram peaks
**acquired from original Shimadzu HPLC software: LC Solution ver. 1.24 SP1
***Represent I-1I-I1I bands for carotenoids and Soret, Qx, and Qy bands for chlorophylls

K. alvarezii variants showed different behaviour. In brown variant grown at 0.2 m depth, relative concentration
of total chlorophylls was higher than the carotenoids (chls 68.2 % and cars 31.7 %). At 1.0 m depth, the total
chlorophylls decreased, but the total carotenoid concentrations increased (chls 62.2 % and cars 37.7 %). At 2.0 m
depth, the total chlorophyll increased and the total carotenoid decreased (chls 65.6 % and cars 34.3 %). A similar
fluctuation was also observed for the ratio between chlorophylls and carotenoids. Table 1 shows that total
chlorophyll and carotenoid can reached to highest concentration, when the green variant was grown at 0.2 m depth
or when the brown variant was grown at 2 m depth. The ratio between total chlorophyll and carotenoid seems to
vary as a function of different depth of growth conditions. Accessory pigment such as phycoerythrin is also
produced in red algae®®?’, although this experiments focused only on chlorophylls and carotenoids distribution.
Phycoerythrin is important for absorption of light in the spectrum region where chlorophylls and carotenoids are
unable to absorb efficiently. It is reported that K. alvarezii brown variant has higher phycoerythrin concentration
than green variant®.

While small amount of light can penetrate into the depth of seawater, some photosynthetic organisms are capable
of controlling their light capture by producing different photosynthetic pigments®**°. This mechanism is very
important in order to maintain their photosynthetic activities working effectively. In deeper positions under the
water, light intensity and quality have been filtered. Blue to green lights (400 nm to 450 nm) penetrate further into
the seawater, while the rest of visible lights have been scattered or absorbed’'. This might explain that the total
chlorophyll content was increased significantly when K. alvarezii was grown at 2 m depth. In this case, the Soret
band (350 nm to 450 nm) of the chlorophylls plays the role of utilizing the blue light. In addition the total
carotenoids content was also increased to play the role in light harvesting at blue-green region and photoprotection.



Indriatmoko et al. / Procedia Chemistry 14 (2015) 193 — 201 199

1 r - r - r -t J- 1 1 1 T1T_°
2m

—T—T—
o ]
0min=0% 0.2m] 0min=0% im)] 430|0min=0% |
430 430 0 min=0%
0min=0%
0.75F 0min=0% T ) - .
20 min =88.8% 20 min =86.8% l 662 20 min =75.4%

v eez 20 min =84.9% 1

" | 20 min =89.6%

0.5 Omin 20mjn=92.1% _| 0 min i 662

0.25 + 45 min

L B S B B I B B I B R
1m 0min=0% 2m

Absorbance

b
0.2m|

0 min=0% 0 min=0% 1N
430 430 430
0.75F Omin=0% 1 omin=0% L omin=0% _|
' 662 in= 20 min = 78.4%
20 min = 89.4% 1 20 min = 89.7% 662 leez |
20 min = 91.5% ' 20 min = 85.2%
05F 0 min —+ 0 min 20min=92.6% 0 min o

'

‘ 45 min 45 min _

0.25

Ob 4 . v " T T o et o e a . T
400 500 600 700 800400 500 600 700 800400 500 600 700 800

Wavelength (nm)

Fig. 4. UV-Vis spectra of crude pigments extracted from K. alvarezii green (top) and brown (bottom) variants during irradiation treatment.
Samples were irradiated at 1417 pmol photons m™-s™ for 45 min

In the examination of pigment stabilities, here the crude pigments extracts were exposed under irradiation and
heat. Fig. 4 shows the changes of the absorption spectrum of crude pigments extracts during irradiation.
Interestingly, the degradation of pigments showed different pattern. In brown variant, fast degradation of the Soret
and Qy bands was observed in the pigments extract from the samples at 0.2 and 1 m depth. In the green variant, fast
degradation of pigment extract was observed from the samples grown at 0.2 m depth. Slow degradation could be
seen in both cases from the samples grown at 2 m depth. The degradation pattern may change in relation to the ratio
between total chlorophylls and carotenoids. As shown in Table 1, the seaweed produced more carotenoids than
chlorophylls.
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Fig. 5. UV—Vis spectra of crude pigments extracted from K. alvarezii brown (bottom) and green (top) variants during thermal treatment. Samples
were heated in 90 °C for 120 min.
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Fig. 5 shows the changes of the spectrum of pigments extracts during the exposure of high temperature (90 °C).
Unlike the photo-stability assay, in thermo-stability assay, the degradation of Soret and Q, bands was slow in the
extracts from seaweed grown 2 m depth in both green and brown variant as compared to those grown at 0.2 m depth.
Moreover, brown variant with low chls/cars ratio was more resistant to heat treatment than green variant with high
chls/cars ratio. When the results of thermo- and photo-stability (Fig. 4 and Fig. 5) and the ratio of total pigments
(Table 1) are compared, there is correlation between the content of carotenoid and the reduction of chlorophyll
degradation after exposure of light as well as high temperature.

4. Conclusion

Here, the investigation results reported the variation of total chlorophylls and carotenoid contents in K. alvarezii
var. brown and var. green that were grown at different depth under the seawaters. The results show that the high
concentrations of chlorophylls were produced with when the seaweeds were grown at deeper position under the
seawaters. This is probably due to a response toward the available blue-green light that can penetrate into the
seawater. Along with the increase in chlorophyll concentration, the carotenoid content was also increased. The
increase in carotenoid content was important to maintain the stability of chlorophylls under excess of light and
exposure of high temperature.
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