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Abstract. Kappaphycus alvarezii is type of red seaweed that widely cultivated in Indonesia.
K. alvarezii contains phycobiliproteins mainly phycoerythrin which is commonly used as
natural dyes in food and cosmetics, fluorescent, and analytical reagents. Phycoerythrin is
generally extracted from red seaweed using buffer phosphate with freeze thawing process. The
purpose of this study was to determine the effect of extraction time using ultrasonic waves on
the characteristics of phycoerythrin. The maximum absorbance was formed at a wavelength of
499, 534, and 564 nm. Ultrasonic extraction treatment for 30 min and precipitation 60%
ammonium sulfate were the best treatments, which had a pigment concentration of 1.9102
mg/mL, purity index 0.8311, and protein concentration of 0.5206 mg/mL. The antioxidant
activity possessed by the phycoerythrin pigment is categorized as strong to very strong.
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1. Introduction
Indonesia is known as on one of the largest producer of seaweed. Data FAO 2018 showed that, in
2015 Indonesia had contribution 34.6% in the global seaweed production and it was no 2 after China
[1]. However on the carrageenophyte seaweed, which can produce carrageenan, Indonesia was the
biggest producer since 2008. The total production of carrageenophyte seaweed was 10.2 million tones
of wet seaweed.

Carrageenophyte seaweed is grouped as red seaweed which the pigment content is dominated by
phycoerythrin. Phycoerythrin is one of phycobiliproteins which has high economic value.
Phycoerythrin pigment has a high potential to be developed as natural dyes replacing carcinogenic
synthetic dyes. Phycoerythrin were reported possess variety of biological activities, such as antiviral,
antioxidant, anti-inflammatory, antidiabetic, antitumor, antihypertensive, immunosuppressive, and
neuroprotective [2-5]. Unfortunately, the pigment in the carrageenan processing is almost not
recovered and it is released as wastewater.

Phycoerythrin has sensitive with high temperature. For this reason, phycoerythrin is generally
obtained from red seaweed using freeze thawing. This process will need long time and consumes high
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energy. The innovation of extraction techniques is now being developed with the concept of "green
extraction concept" such as ultrasonic extraction [6]. The extraction has various benefits, including
time reduction, increasing of the mass transfer process and extraction yield, improving extract quality,
and reducing energy consumption used in the extraction process [7-9].

Ultrasonic extraction was reported on phycocolloid extraction such on Laminaran [10], carrageenan
[11] and agar [12]. This method could increase yield of phycocolloid at shorter time than conventional
method. To the best of our knowledge no study has yet been reported on the phycoerythrin extraction
using ultrasonication on fresh Kappaphycus alvarezii seaweed. In this study, phycoerythrin was
extracted.

2. Method

2.1. Material and Tools

K. alvarezii seaweed was obtained from the waters of Lontar Village, Serang Regency, Banten. The
chemical materials used in this study were phosphate buffer pH 7 0.1 M, distillated water, 1,1-
diphenyl- 1-picrylhydrazyl (DPPH) Sigma, Sigma bovine serum albumin (BSA) standard protein,
coomassie brilliant blue (Sigma), 95% ethanol, 85% phosphoric acid, Tris-HCI 1.5 M (pH 8.8), 30%
acrylamide (Sigma), 10% sodium dodecyl sulfate (SDS), N, N, N, N'-tetramethyl-ethylenediamine
(TEMED), ultrapure water, Tris-HCI pH 6.8 0.5 M, marker protein 10-250 kDa (Bio-Red), glacial
acetic acid, 25% glutaraldehyde, 5% sodium thiosulfate, sodium acetate, 2.5% AgNO3, 37%
formaldehyde, sodium carbonate, EDTA.Na2.2H20, 87% glycerol.

The equipment used in this study consisted of a batch of ultrasonic cleaner at 40 kHz with 200 W
power (Desen DSA100-SK4.0L, China), magnetic stirrer (Scilogex MS-H280-Pro, USA), centrifuge
(Shimadzu CR21G Himac, Japan), UV-Vis spectrophotometer (Shimadzu UV-1700 PharmaSpec,
Japan), High Performance Liquid Chromatography (HPLC) Shimadzu CMB 20A, and SDS-Page
equipment (To AE-6500) , Japan).

2.2. Research procedure
This study consisted of four steps, namely K. alvarezii preparation, extraction of phycoerythrin,
purification phycoerythrin, and characterizations of phycoerythrin.

2.2.1. Seaweed Preparation

Seaweed preparation was carried out by separating the material from various impurities. The seaweed
was stored at -18 °C until the extraction process will be carried out. Seaweed that will be extracted
should be thawed. Fresh/wet seaweed was blended to obtain smaller particle size.

2.2.2. Phycoerythrin extraction using ultrasonication

Phycoerythrin from seaweed was extracted with 0.1 M phosphate buffer solvent at pH. The solvent
was added to the sample with a ratio of 1:10 (b/v) [13]. Seaweed was blended to obtain a paste form.
The paste was extracted at 4 °C with a frequency of 40 kHz ultrasonic with the treatment time 0, 15,
30, and 60 min. The paste extracted was filtered with 150 mesh of nylon cloth. The filtrate was
centrifuged at 10,000 g at 4 °C for 30 min. Supernatant was obtained as a crude extract of the
phycoerythrin.

2.2.3. Precipitation of Phycoerythrin

The crude extract of the phycoerythrin was precipitated with ammonium sulfate with saturation 60%.
The crude extract of the phycoerythrin and ammonium sulfate was incubated at 4 °C for 1 hour. The
result of precipitation was centrifuged at 4 °C and 10,000 g for 30 min [14]. The precipitate was
dialyzed with a 14 kDa membrane bag using distilled water at 4 °C. During the dialysis process,
distilled water was replaced every 4 hours for 24 hours.
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2.2.4. Characterizations of Phycoerythrin extracts

Characterizations were carried out on the crude and precipitated of the phycoerythrin pigments. The
characterizations parameters included concentration of phycoerythrin, protein content, antioxidant
activity was analyzed.

2.2.4.1. Determination of concentration and purity index of phycoerythrin

Analysis of the concentration and purity index of phycoerythrin pigments was carried out using a UV-
Vis Shimadzu UV-1700 spectrophotometer at wavelength 200 to 700 nm. The phycoerythrin purity
index can be determined by a ratio of A565/A280 [15]. The concentration of phycoerythrin can be
calculated using the following equation.

Phycoerythrin (ug / mL) = 155.8 A498.5 - 40.0 A614 - 10.5 A651

2.2.4.2. Protein content

Protein concentrations in the phycoerythrin pigments were measured using Bradford reagents. The
reagent was prepared by mixing 0.20 g of Comassie Briliant Blue G-250 dissolved with 10 mL of 95%
ethanol and 20 mL of 85% phosphoric acid. The mixture was then diluted with distilled water to 1 L.
A sample of 100 pL was added with 5 mL of Bradford reagent. The blue complex formed is incubated
for 5 min at room temperature, then its absorbance is measured at a wavelength of 595 nm.
Calculation of protein concentration was carried out with standard protein Bovine Serum Albumin
(BSA) which was given the same treatment [16].

2.2.4.3. Analysis of antioxidant activity

DPPH 0.1 mM reagent was prepared by dissolving 0.0006 g of DPPH powder with ethanol up to a
volume of 15 mL. Preparation of sample stock was carried out at concentrations of 20, 40, 60, 80, and
100 ppm dissolved in ethanol. Each sample stock of 4.5 mL was added with 0.5 mL of a 0.1 mM
DPPH reagent. The mixture was vortexed for 30 seconds, then incubated for 1 hour in dark conditions.
Absorbance measurements were carried out at a wavelength of 517 nm. The blank was made by
mixing 4.5 mL ethanol with 0.5 mL DPPH reagent, then the same process was carried out with the
sample [17]. Antioxidant activity can be calculated by the following formula.

Inhibition (%) = (Absorbance of the sample blanks) / (Absorbance of the blank) x 100%
3. Results and discussion

3.1. Characteristics crude extract of phycoerythrin

The phycoerythrin pigments obtanined from K alvareezii had a pink color (Figure 1B). The intensity
of pigment color increased as time extraction increased. The highest intensity was obtained from the
the pigment extracted using ultrasonication for 60 min (Figure 1A). The increase of intensity color
may increase of concentration of phycoerythrin as ultrasonication time was increased.

We measured the crude extract pigments using spectrophotometer UV vis at wavelength of 200 to
700 nm. Some strong peaks were observed at 499, 534 and 564 nm. The peak at 499 nm show the
subunit structure of phycourobilin and 534 and 564 nm indicated phycoerythrobilins [18]. In addition,
the weak peak also observed at 609 nm (Figure 1B). Galland-Irmouli et al. [19] reported that the
maximum peak absorbance of phycoerythrin pigments was at 499 nm, 545 nm, and 564 nm. A similar
study by Rossano et al. [20] stated that the maximum peak absorbance of phycoerythrin pigment was
at 495 nm and 566 nm. Dumay et al. [21] stated that phycoerythrin is in the wavelength range of 540-
570 nm.
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Figure 1. Crude phycoerythrin pigments at different extraction times. A) Visual appearances and B)
Spectra of phycoerythrin. (1-4) extraction using ultrasonication for 0, 15, 30 and 60 minutes,
respectively and (5) Phycoerythrin extraction for 60 min without ultrasonication.

3.2. Concentration and purity index for pigment phycoerythrin

The phycoerythrin concentrations increased during ultrasonication. The crude extracts of
phycoerythrin (PE) increased from 0.054 mg/mL to 1.121 mg/mL. Interestingly, in the shorter time
(15 min extraction), the extraction using ultrasonication could produce higher concentration of PE
compared with the extraction, which was carried out without ultrasonication for min extraction (Figure
2A). Falleh et al. [22] reported that ultrasonic waves could break cell membranes therefore they could
reduce extraction time and increased yield. Furthermore, the concentrations of PE increased
significantly after the crude extracts were precipitated using ammonium sulfate.

Crude extracts of phycoerythrin had purity index in the range 0.1946-0.2255. This finding was
similar as reported by Sudhakar et al. [13]. However after the crude extracts were precipitated using
ammonium sulfate, the purity index of the extract increased 3-6 times than their crude extracts with
the maximum values of purity 1.24 (Figure 2B). The increasing of purity index of PE presumably was
caused by ammonium sulfate could remove cellular protein and other components in a material as a
result increasing of protein concentration. Pan et al. [23] reported that the use of phycoerythrin in the
food field must have a minimum purity index of 0.7 and for drugs with minimum purity index 2.0, for
example for antitumor phycoerythrin with purity index 2.45 was used.
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Figure 2. Concentration (A) and purity index (B) of phycoerythrin extracted with ultrasonication and
without ultrasonication. Ballets or bars filled with blue color show crude extract, whereas filled with
yellow color show extract after precipitated with ammonium sulfate. Mean + SD; n=3.

3.2.1. Antioxidant activity of phycoerythrin

Crude extract and precipitated phycoerythrin had antioxidant activities in range 74.95-31.02 ug/mL
(Figure 3). This finding agreed with Sangeetha et al. [24]. According to the range, the antioxidant
activities of PE were grouped as strong to very strong antioxidant [25].
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Figure 3. Antioxidant activities of extracted and precipitated of phycoerythrin. Bars filled with blue
color show crude extract, whereas filled with yellow color show extract after precipitated with
ammonium sulfate. Mean £ SD; n=3.

Time of extraction gave a significant effect on improving the value of IC 50 of phycoerythrin. The
best antioxidant activity reached at 30 min extraction. Apparently, extending of extraction time till 60
min was note improving the IC 50 value. Furthermore, precipitation using ammonium sulfate could
not improve the activities of crude extract PE. This is due to the fact that the extract of phycoerythrin,
which is precipitated with ammonium sulfate, is still not pure, so it still contains other components,
such as free polyphenols and polysaccharides [26].
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4. Conclusions

Extraction using ultrasonication could increase the concentration and accelerate extracted
phycoerythrin.  Precipitation using ammonium sulfate significantly improves the purity index of
phycoerythrin (3-6) folds of untreated. Phycoerythrin pigment had strong antioxidant activity. The best
activity was obtained at 30 min extraction.

Acknowledgement
We express our appreciation to the Ministry of Research, Technology and Higher Education of the
Republic of Indonesia for financial support of research.

References

[1] [FAOQ] Food and Agriculture Organization 2017 The global status of seaweed production, trade,
and utilization [FAO Globefish Research Programme Volume 124] (Rome [IT]: Food and
Agriculture Organization of The United Nations)

[2] Fitzgerald C, Gallagher E, Tasdemir D and Hayes M 2011 Heart Health Peptides from
Macroalgae and Their Potential Use in Functional Foods Journal of Agricultural and Food
Chemistry 59(13) 6829-6836

[3] Cian R E, Martinez-Augustin O and Drago S R 2012 Bioactive properties of peptides obtained
by enzymatic hydrolysis from protein byproducts of Porphyra columbina Food Research
International 49(1) 364-372

[4] Bei H, Guang-Ce W, Chen-Kui Z and Zhen-Gang L 2002 The experimental research of R-
phycoerythrin subunits on cancer treatment: a new photosensitizer in PDT Cancer
Biotherapy and Radiopharmaceuticals 17 35-42

[5] Kadam S U, Alvarez C, Tiwari B K and O’Donnell C P 2015 Seaweed Sustainability Food and
Non-Food Applications Chapter 9: Extraction of biomolecules from seaweed (San Diego
[US]: Academic Press)

[6] Putnik P, Kovaevic D B, Jezek D, Sustic I, Zoric Z and Dragovic-Uzelac V 2017 High-pressure
recovery of anthocyanins from grape skin pomace (Vitis vinifera cv. Teran) at moderate
temperature Food Processing and Preservation 1-11

[71 Chemat F, Vian M A and Cravotto G 2012 Green extraction of natural products concept and
principles International Journal of Molecular Sciences 13 8615-8627

[8] Rombaut N, Tixier AS, Bily A and Chemat F 2014 Green extraction processes of natural
products as tools for biorefinery Biofuels, Bioproducts, and Biorefining 8 530-544

[91 Zzhu Z, Wu Q, Di X, Li S, Barba F J, Koubaa M, Roohinejad S, Xiong X and He J 2017
Multistage recovery process of seaweed pigments: investigation of ultrasound assisted
extraction and ultra-filtration performances Food and Bioproducts Processing 104 40-47

[10] Kadam S U, O’Donnell C P, Rai D K, Hossain M B, Burgess C M, Walsh D and Tiwari B K
2015 Laminarin from Irish brown seaweeds Ascophyllum nodosum and Laminaria
hyperborean: ultrasound-assisted extraction, characterization and bioactivity Marine Drugs
13 4270-4280

[11] Youssouf L, Lallmand L, Giraud P, Soule F, Luximon A B, Meilhac O, Hellencourt C L D,
Jhurry D and Couprie J 2017 Ultrasound-assisted extraction and structural characterization
by NMR of alginates and carrageenan from seaweed Carbohydrate Polymers 166 55-63

[12] Uju, Santoso J, Ramadhan W and Abrory M F 2018 Extraction of native agar from Gracillaria
sp with ultrasonic acceleration at low temperature Jurnal Pengolahan Hasil Perikanan
Indonesia 21(3) 385-395 [In Bahasa]

[13] Sudhakar M P, Saraswathi M and Nair B B 2014 Extraction, purification and application study
of R-phycoerythrin from Gracilaria corticata (J. Agardh) J. Agardh var. corticata Indian
Journal of Natural Products and Resources 5(4) 371-374

[14] Sharmila BVM, Santosh S, Ventakarrishanan V and Dhandani R 2017 Optimization study on
extraction & purification of phycoerythrin from red algae Kappaphycus alvarezii Asian



WSC 2019 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 414 (2020) 012028  doi:10.1088/1755-1315/414/1/012028

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Pharmaceutical and Clinical Research 10(2) 297-302

Kursar T A, Meer J V D and Alberte R S 1983 Light harvesting system of the red alga
Gracilaria tikvahiae Plant Physiology 73 353-360

Bradford M M 1976 A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding Analytical Biochemistry 72 248-254

Chew Y L, Lim Y Y, Omar M and Khoo K S 2008 Antioxidant activity of three edible
seaweeds from two areas in South East Asia Libbensmittel-Wissenschaft and Technology 41
1067-1072

Munier M, Jubeau S, Wijaya,A. Michéle -Morancgais M, Dumay J, Marchal L, Jaouen P and
Fleurence J 2014 Physicochemical factors affecting the stability of two pigments: R-
phycoerythrin of Grateloupia turuturu and B-phycoerythrin of Porphyridium cruentum Food
Chem. 150 400-407

Galland-Irmouli AV, Pons L, Lugon M, Villaume C, Mrabet N T, Guéant J L and Fleurence J
2000 One-step purification of R-phycoerythrin from the red macroalga Palmaria palmate
using preparative polyacrylamide gel electrophoresis Journal of Chromatography 739 117-
123

Rossano R, Ungaro N, D’ Ambrosio A, Liuzzi G M and Riccio P 2003 Extracting and purifying
R-phycoeryhtrin from Mediterranean red algae Corallina elongate Ellis & Solander Journal
of Biotechnology 101 289-293

Dumay J, Morancais M, Munier M, Guillard C L and Fleurence J 2014 Phycoerythrins: valuable
proteinic pigments in red seaweeds Advances in Botanical Research 71(11) 321-331

Falleh H, Ksouri R, Lucchessi ME, ABdelly C and Magne C 2012 Ultrasound-assisted
extraction: effect on the levels of polyphenols and antioxidant activity of
Mesembryanthemum edule L. Aizoaceae Shoots Tropical Journal of Pharmaceutical
Research 11(2) 243-249

Pan Q, Chen M, Li J, Wu Y, Zhen C and Liang B 2013 Antitumor function and mechanism of
phycoerythrin from Porphyra haitanensis Biological Research 46 87-95

Sangeetha P, Babu S and Rengasamy R 2017 Antioxidant properties of R phycoerythrin from
Kappaphycus alvarezii (Doty) Doty Ex Silva Journal of Innovative Research and Solutions
3(1) 47-56

Molyneux P 2004 The use of stable free radical diphenylpicrylhydrazyl (DPPH) for estimating
antioxidant activity Journal of Science Technology 26 211-219

Zhou H, Chen X, Wang C, Ye J and Chen H 2012 Purification and characterization of a
novel~18 kDa antioxidant protein from Ginkgo biloba seeds Molecules 17 14778-14794



