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Abstract : Isis hippuris (Sea bamboo) had been well-known by the East Indonesian and usually
used  as  jewelry  and  sold  as  an  export  commodity.  This  research  aims  to  understand
phytochemicals screening results and antioxidant activity of Isis hippuris also to discover
antioxidant content of Isis hippuris different parts and maceration times. Extraction method
used was maceration technique with methanol as solventfor 24, 48, and 72 hours (1:8 of sample
: solvent). Qualitative phytochemicals test were done by measured alkaloid, flavonoid, steroid/
triterpenoid, saponin, phenol hydroquinon dan tannin. The antioxidant test was done using 1,1-
diphenyl-2-picrylhydrazil (DPPH)  0,2  mM  method  with  1:4  of  DPPH  and  sample  ratio.  IC50
(inhibitory concentration) value was used as a parameter to interpret antioxidant activity. The
results of phytochemicals screening of Isis hippuris skin showed that alkaloid, flavonoid,
phenol, steroid, and saponin were founded while from axial parts contained alkaloid, flavonoid,
phenol and steroid. DPPH IC50 results of Isis hippurisskin part with 24, 48 and 72 hours
maceration times, respectively were 635,26 ppm, 635,61 ppm dan 663,40 ppm, while on the
axial part were 870,34 ppm, 887,74 ppm, and 899,52 ppm. DPPH IC50 value either on the skin
or axial parts were higher than 200 ppm which means chemical compounds founded on Sea
Bamboo were less active but still have potential as an antioxidant.
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Introduction

Marine organism potency as a new bioactive source is widely studied in recent years. Long evolution
history of marine organisms leads to their very high molecular diversity. As the second highest diversity after
Brazil, Indonesia has numerous islands with vast ocean compared to Brazil land. It makes Indonesia as the
highest marine mega biodiversity in the world. New bioprospecting of many new natural ingredient compounds
came from the marine environment1. It emphasizes that marine organisms are an important source for research
and development of new medicines2. Most of the new marine natural compound have bioactivity as
antibacterial, antiviral, antitumor, antituberculosis, antioxidant, antidiabetic and anti-inflammatory3.

Among the variety of marine organisms, the sponge is the richest source of bioactive materials4, such as
antiviral5,6, antibacterial7, and antifungal8. In addition, some extracts of marine organisms have antioxidant such
as phenol, more effective flavonoids and safer than synthetic antioxidants, like butylated hydroxytoluene.
Phenolic acid antioxidant, polyphenol, flavonoid inhibit radical peroxide, hydroperoxideor lipid peroxyl,
inhibits oxidative mechanism, thus preventing degenerative diseases, also useful as an anti-tumor and has a
preventive effect on liver damage. Flavonoids has anti-inflammatory and antioxidant capabilities to inhibit the
process of oxidative stress on cardiovascular disease and neurodegenerative. Antioxidants are substance that
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able to counteract the effects of free radicals. Negative effects caused by free radicals include premature aging,
coronary heart disease and cancer9.

Figure 1. Sea Bamboo (Isis hippuris) from Biak Sea, Papua

Other than a sponge, gorgonian also proved to contain various bioactive materials such as anticancer
and anti-inflammatory10 and one of the gorgonian species which widely studied is Sea Bamboo (Isis hippuris).
Sea Bamboo contain hippuristanolwhich has the properties as antiviral. Hippuristanol able to inhibit virus
replication process, and as anticancer compound11. Isis Hippuris also contain hydrocarbon and fatty acids such
as Naphthalene, Xylene, Phenylacetonitrile, 1,2 Benzenedicarboxylic and phenol derivatives12.

However, the antioxidant activity of Sea Bamboo has not been documented until now. Therefore, this
study aims to determine the outcome of phytochemical screening and antioxidant activity of Sea Bamboo which
expected to be utilized in pharmaceutical, food, industry, and others fields.

Materials and Methods

Sample Preparation

Sea Bamboo samples were collected from Biak Sea, Papua. Samples were cleaned and aired for 7 days.
Dried samples were separated between the skin and axial(inside) parts. Each part were finely crushed using the
machine and sieved by 65 mesh sieve and stored for further tests.

Tools and Materials

Tools  used  in  this  research  were  65  mesh  sieve,  blender,  analytic  scale,  aluminum  foil,
WhatmannNo.42 filter paper, UV-Vis Spectrophotometer, test tube, beaker glass, oven, pipette, evaporator,
vortex, incubator, Erlenmeyer flask and tube racks.

  Other than Sea Bamboo samples, chemical materials used were ethanol 95%, concentrated H2SO4
solution,  Mayer  and  Dragendorff  reagent,  chloroform,  ammonia,  concentrated  HCl,  HCl  I  N,  FeCl3  1%,  Mg
powder, anhydride acetic acid, 1,1-difenil-2-pikrilhidrazil (DPPH), and aquadest.

Extraction

  Samples extraction were done by maceration technique. Each sample (skin and axial parts) of Sea
Bamboo measured for 40 g, and soaked in 320 mL methanol 95%, left in a shaker for 24, 48 and 72 hours, then
filtered with Whatmann No.42 filter paper. The filtrate extractevaporated by a rotary evaporator in 400C until
the solution becomes concentrated. Crude extract was weighed to determine rendement based on solvent types
using following formula:
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Rendement (b/b) =    Dry extract weight (g)  x 100%

                                 Initial sample weight (g)

Phytochemical Tests13

  Qualitative phytochemicaltests are the first stage in determining chemical compounds in simplicityand
crude extract of Sea Bamboo (Isis hippuris). The objective of qualitative phytochemical testing is to determine
chemical compounds and bioactive components of Akar Bahar, as well as provide additional information
regarding the existence of particular compound by color examination. Qualitative phytochemicalstest consists
ofalkaloid, flavonoid, steroid/triterpenoid, saponin, phenol hydroquinone and tannin.

Alkaloid Test

  Forty milligrams extracts were added with 2 mL chloroform and 2 mL ammonia then filtered. The
filtrates were added with 3-5 drops of concentrated H2SO4 then shaken until two layers formed. Acid fractions
were taken and added with 4-5 drops of Mayer and Dragendorff reagent. If sediment formed, it means samples
contain alkaloid. Mayer reagent gives white colored sediment while Dragendorff reagent gives yellow-red
colored sediment.

Phenolic Test

  Forty milligrams extracts were added with 10 drops of FeCl3 1%. If the extracts positively contain
phenol, the solution color will turn green, red, purple, blue or pitch-black.

Flavonoid Test

  Forty milligrams extracts were added into 100 mL hot water, boiled for 5 minutes, and then filtered.
Five milliliters filtrates were added with 0.05 mg of Mg powder and 1 mL concentrated HCl, then shaken well.
Positive test results are shown by the color changes to red, yellow or orange.

Saponin Test

  Forty milligrams extracts were added into 10 mL aquadest while shaken for 1 minutes, then 2 drops of
HCl  1  N  were  added.  If  the  foam formed  remain  stable  for  ±  7  minutes,  then  the  extracts  positively  contain
saponin.

Steroid/Triterpenoid

  Forty milligrams extracts were added with 10 drops of CH3COOH glacial and 2 drops of H2SO4. The
solution then slowly shake and settled for few minutes. Steroid indicated by the change in blue or green while
triterpenoid gives red or purple.

Tannin

Twenty milligrams fine extracts were added with ethanol until completely submerged. One milliliters
solutions moved into test tube and 2-3 drops of FeCl3 1% were added. The positive result indicated by color
change into bluish-black or green.

Antioxidant activity test using DPPH method14

  Sea Bamboo extracts (skin and axial part) from 24, 48 and 72 hours maceration times, each treatment
were dissolved into methanol pro-analysis solution with a concentration of 100, 150, 200, 250 and 300 ppm.
DPPH reagent solution was made by dissolving DPPH into 0,2 mMmethanol pro-analysis. Four milliliters of
each concentration solution were added with 1 mL 0,2 mM DPPH. The solutions were homogenized with
vortex and settled down for 30 minutes. Then, the solutions absorbance against methanol were measured at 517
nm using Spectrophotometer UV-Visible13. Inhibition percentage (IC50) was counted using following formula:
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 Blank abs.- Sample abs.
% Inhibition =                 x 100 %

Blank abs.

Description:

Blank abs. = Solvent without sample absorbance value
Sample abs. = Extract absorbance value

The calculation results were included into regression equation with extract concentration (μg/mL) as
abscissa (X axis) and inhibition percentage of antioxidant as ordinate (Y axis). IC50 value was counted when
inhibition percentage at 50% using y = ax + b equation.

Results and Discussion

Phytochemicals Screening

Based on phytochemicals screening the result of Sea bamboo skin and axial parts, positive results were
found on several secondary metabolite (Table 1).

Table 1. Phytochemicals Screening Result of Sea Bamboo Skin and Axial Parts

Sea Bamboo partPhytochemicals test
Axial Skin

Standard

Alkaloid
  - Alkaloid Meyer + + Little yellowish sediment formed
  - Alkaloid Dragendroff + + Orange sediment formed
Flavonoid + + Color change from green to orange
Phenol + + Color change from green to blackish green
Steroid + + Color turned into bluish green
Tannin - - Color turned into blackish green
Saponin - + Stable foam formed
Triterpenoid - - Brownish ring formed

(+) detected; (-) not detected

Based on phytochemicals screening result, the methanol extract of Sea Bamboo skin contained an
alkaloid, flavonoid, phenol, steroid, and saponin, while in axial part contained an alkaloid, flavonoid, phenol,
and steroid. Secondary metabolite components found between the skin and axial were relatively
same.Secondary metabolite components of Sea Bamboo skin was founded on spicula of coenzyme layer while
hard axial allegedly made from stockpiled metabolism results. Akar Baharis rich of essential nutrients elements
such as protein, fat, and carbohydrates which become a valuable food source for predators. Life sustainability of
Sea Bamboo leads to metabolite compounds production for predator protection. The active compound contained
in octocoral animals are used as colony protection, formation and rapid expansion for colony habitat.
Allelopathy also used as a strategy to reclaim habitat from new coral15.

Wagner and Mayer's test showed that alkaloid was founded on ethanol extract of Kelor skin bark.
Wagner test leads to sedimentation of reacted chemical compounds. The positive alkaloid result of Wagner test
indicated by light brown to yellow sediment which expected as Potassium-alkaloid. On Wagner test, K+ ion
will bind to nitrogen creating a coordinate covalent bond of alkaloid resulted in Potassium -alkaloid sediment.
On alkaloid test using Mayer reagent, nitrogen will react with K+ ion of Potassiumtetraiodomercurate(II)
creating Potassium-alkaloid sediment16. In the healthcare sector, alkaloids serve as an analgesic, changing
cardiac activity, affects blood circulation and respiration, anti-malarial, uterine stimulant and local anesthetic17.

Flavonoid test showed a positive result by solution color change into yellow. Flavonoids are included in
phenolic compounds which have many -OH bonds with high electronegativity difference (polar compound).
This compound easily extracted into ethanol solvent which has polar properties because of its hydroxyl groups
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and form hydrogen bonds18. Flavonoids are compounds usually found in fruits, vegetables, and beverages with
various benefits of biochemical and antioxidant effects. Flavonoid compounds have an antihypertensive effect.
Flavonoids  also  detected  as  plant’s  pigment  to  produce  red  or  blue  flowers  with  a  yellow  pattern  to  attract
pollinator.

Flavonoid as secondary metabolite was expected from the color of Sea Bamboo colony. The color of
colony affected by unicellular algae zooxanthellae pigment that lives symbiotically inside its coenzyme tissue15.
Flavonoids are polyphenol compound which known has the abilityto seize free-radical particles, hydrolysis, and
oxidative enzyme inhibitor, and anti-inflammatory19. Flavonoids control growth, photosynthesis, antimicrobial
and antiviral. Flavonoids are helpful to protect cell structure, improve the effectiveness of vitamin C, anti-
inflammatory, preventing osteoporosis and antibiotic20-21. Flavonoid test using Wilstater reagent is done by
adding Mg and concentrated HCl for kelor stem bark ethanol extract. The addition of concentrated HCl is used
to hydrolyze flavonoid to be its aglycone, by hydrolyzing O-glycosyl. Glycosyl will be replaced by H+ acid
because of its electrophilic reaction. Reduction by Mg and concentrated HCl will result in red or orange
complex compounds of flavonol, flavanone, flavanonol and xanthone20.

Soft coral Sinularia capillosacontained capilloquinol, a phenolic compound which extracted using
acetone22. Positive phenol phytochemical test indicated by color changes from green to blackish green. A
phenolic compound commonly used as antibacterial, because it’s has the ability to change bacteria cytoplasmic
permeability membrane which leads to cell’s nutrients leakage and bacteria’s cell death or inhibited growth and
protein precipitate. Phenol is acidic, due to -OH which easily break away. Phenol also has the ability to form
chelate compounds with metal, easily oxidized and form polymers that cause dark colors. The emergence of
dark colors of cut or die plant’s part due to this reaction, also simultaneously inhibits plant growth23-24.

Isolate four pregnane steroids compounds from gorgonian Carijoa sp. using ethanol as solvent25. The
research reported that steroid also produced from a variety of soft corals, such as Sarcophyton sp.26; Nephthea
chabrolii26-27extracted using acetone. Steroidal compounds found in plants can act as protector. These
compounds not only works to reject but also attract some other insects20. Some types of steroid compounds used
as drugs, included estrogen, a type of steroid sex hormones used for contraception as ovulation inhibitor,
progestins are synthetic steroids used to prevent miscarriage and pregnancy testing, glucocorticoids as anti-
inflammatory, allergy, fever, leukemia, and hypertension and cardenolide is a cardiac glycosides steroid used as
diuretics and cardiac reinforcement28.

Saponin test of Sea Bamboo skin had the positive result. It was shown by foam formation after reagent
addition. Saponin content also founded on extracted Sea Cucumber using ethanol-water solvent29. successfully
isolate thirteen new saponin compounds which havepregnane derived aglycone using methanol-chloroform
solvent of gorgonian octocoral Euniceapinta30. Saponins are active surfactant compound which has polar and
nonpolar response with water when shaken and creating micelles31. When micelles formed then the polar group
will face outward and nonpolar groups facing inwards and this state create a form-like foam.

Antioxidants activitity of Sea Bamboo Extract

Comparation results between Sea bamboo skin and axial parts inhibition percentage with extract
concentration and maceration times resulted into various interactions (figure 2 and 3).
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                          (a1)                                                     (a2)                                             (a3)

(b1)                                                      (b2)                                               (b3)

                (c1)                                                      (c2)                                                 (c3)

Figure 2. Inhibition percentage of Sea Bamboo skin extracts toward DPPH (maceration times 24 hours:
a1, a2, a3; 48 hours: b1, b2, b3; 72 hours: c1, c2, c3)

Inhibition percentage results of each examination were used to determined DPPH IC50 value. IC50 value
showed that free radical reduction (DPPH) by Sea bamboo extract was 50%. Rendement and DPPH test results
of Sea bamboo skin and axial extracts compared with various maceration times stated in Table 2.
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Table  2.  Extract  rendements  and  DPPH  test  results  of  Sea  Bamboo  skin  and  axial  part  compared  to
various maceration times.

Means within treatment column followed by a common letter are not significantly different at 95%
level of probability using LSD as post hoc test.

The extract rendements is supporting data to understand how much the extract obtained from each
treatment. Variance analysis of Sea Bamboo extract rendements based on maceration times showed that body
part and maceration times had a significant effect on a number of extract rendements. The amount of extract
rendementsbetween the skin and axial parts also maceration time treatments were different (Table 2).

DPPH IC50 results of Sea Bamboo skin parts with 24, 48 and 72 hours maceration times, respectively,
were 635,26 ppm, 635,61 ppm and 663,40 ppm, while from axial parts were 870,34 ppm, 887,74 ppm and
899,52 ppm. Based on analysis of variance, the treatments were significantly affecting antioxidant activity.
However, from two factors, only Sea Bamboo parts had significant effects towards IC50 value.

DPPH IC50 values,  whether  skin  or  axial  parts  had  more  than  200  ppm,  which  means  chemical
compounds found were less active. Chemical compound has the antioxidant ability if the IC50 value is less than
200 ppm14. The smaller IC50 value, the higher antioxidant activity. If IC50 value ranged between 200-1000
ppm, then it means the compounds less active but still has its potential as antioxidant. Molyneux (2004) also
classify antioxidant activity based on IC50 value, i.e. very high (IC50< 50 ppm), high (50 ppm < IC50> 100 ppm),
medium (100 ppm < IC50>150 ppm), low (150 ppm < IC50> 200 ppm), and very low (IC50> 200 ppm).

In conclusion, based on the results of phytochemicals screening, Sea Bamboo skin contained secondary
metabolite such as alkaloid, flavonoid, phenol, steroid, and saponin, while axial part contained an alkaloid,
flavonoid, phenol, and steroid. From antioxidant activity test, Sea Bamboo had very low antioxidant because of
IC50 value > 200 ppm. Maceration time treatments had no significant effect on Sea Bamboo antioxidant activity.

References

1. Leal, M. C., Puga, J., Serodio, J., Gomes, N. C. M., Calado, R. Trends in the Discovery of New Marine
Natural  Products  from  Invertebrates  Over  the  Last  Two  Decades;  Where  and  What  Are  We
Bioprospecting. Plos One. 2012;1 (1): 1-16.

2. Williams, D. E. and Andersen, R. J. Coral Reefs to Clinical Trials: Bio Prospecting For Drugs from the
Sea. 2006. Proceeding International Seminar and Workshop on Marine Biodiversity and Their Potential
for Developing Bio-pharmaceutical Industry in Indonesia. Jakarta.

3. Mayer, A. M. S., Rodriguez, A. D., Taglialatela, Scafati, O., and Fusetani, N. Marine Pharmacology in
2009-2011: Marine Compounds with Antibacterial, Antidiabetic, Antifungal, Anti-Inflammatory,
Antiprotozoal, Antituberculosis, and Antiviral Activities; Affecting the Immune and Nervous Systems,
and Other Miscellaneous Mechanisms of Action. Mar. Drugs. 2013, 11:2510-2573. doi: 10..3390/md1
1072510.

4. Belarbi,  E.  H.,  A.  C  Gomez,  Y.  Chisti,  F.  G  Camacho  and  E.  Grim.  Producing  drugs  from  marine
sponges. Biotechnology Advances.2003, 21: 585 -598.

5. Cutignano et al. Dragmacidin F: A New Antiviral Bromoindole Alkaloid from the Mediterranean
Halicortex sp., Tetrahedron. 2000, 56: 3743-3748.

6. Welington, K.D., R.C. Cambie, P.S. Rudledge, and P.R. Berquist. Chemistry of Sponges.19. Novel
Metabolites from Hamigera tarangensis. J.Nat. Prod.2000, 63: 79-85.

Body parts Maceration times Extract rendements DPPH IC50 value

Skin 24 4,09 ± 0,015  d 635,28 ± 55,34 a
48 4,23 ± 0,015  e 635,61 ± 14,20 a
72 4,50 ± 0,053  f 663,40 ± 13,04 a

Axial 24 1,14 ± 0,051  a 870,34 ± 35,84 b
48 1,24 ± 0,021  b 887,74 ± 22,70 b
72 1,31 ± 0,042  c 899,52 ± 10,25 b



Mohammad Sayuti et al /International Journal of ChemTech Research, 2016,9(7),pp 427-434. 434

7. Cafieri F.; Fattorusso E.; Taglialatela-Scafati O. Novel betaines from the marine sponge Agelas dispar.
Journal of Natural Products.1998,61(9): 1171-1173.

8. Clark, D.P; J. Carrol, S. Naylor, and P. Crews. Antifungal Cyclodepsipeptide, Cyclolitisthid A, from
the sponge Theonella swinhoei, J. Org. Chem. 1998, 7-5.

9. Muchtadi D. Sayur-sayuran Sumber Serat dan Antioksidan: Mencegah Penyakit Degeneratif. 2000.
Jurusan Teknologi Pangan dan Gizi, Fakultas Teknologi Pertanian, Institut Pertanian Bogor.Bogor.

10. Higa, T.; J. Tanaka, Y. Tsukitani, and H. Kikuchi. Hippuristanol, Cytotoxic Polyoxygenated Steroids
from the Gorgonian Isis hippuris. Chemistry Lett.1981,1647-1650.

11. Triyanto A., Ambariyanto, Murwani R. Skrining Bahan Anti Kanker pada Berbagai Jenis Sponge dan
Gorgonian Terhadap L1210 Cell Line. Jurnal Ilmu Kelautan. 2004, 9 (3): 120 – 124

12. Has, Y.Y., A.Trianto, dan Ambariyanto. Uji Toksisitas Ekstrak Gorgonian Isis hippuris Terhadap
Nauplius Artemia Salina. 2004. Prosiding Nasional I Hasil Penelitian Perikanan dan Kelautan Tahun
2004.

13. Harborne JB. Metode Fitokimia. Penuntun Cara Modern Menganalisis Tumbuhan. 1987. Terjemahan
Padmawinata K dan Soediro. I.Penerbit ITB.Bandung.

14. Molyneux P. The use of the stable free radicals diphenylpicrylhydrazyl (DPPH) for estimating
antioxidant activity. Songklanakarin J. Sci. Technol. 2004, 26(2): 211-219.

15. Manuputty, A. E. W., Isis Hippuris Linnaeus 1758 Oktokoral Penghasil Anti Virus. Oseana. 2008,
33(1): 19-24

16. Marliana SD, Suryanti V, dan Suyono. Skrining Fitokimia dan Analisis Kromatografi Lapis Tipis
Komponen Kimia Buah Labu Siam (Sechium edule Jacq. Swartz.) Dalam Ekstrak Etanol. FMIPA
Universitas Sebelas Maret (UNS) Surakarta. Biofarmasi. 2005, 3(1): 26-31.

17. Sirait. Penuntun Fitokimia dalam Farmasi. 2007. Penerbit ITB.Bandung.
18. Sriwahyuni I. Uji Fitokimia Ekstrak Tanaman Anting-Anting (Acalypha Indica Linn) Dengan Variasi

Pelarut Dan Uji Toksisitas Menggunakan Brine Shrimp (Artemia salina leach). 2010. Skripsi.Fakultas
Sains dan Teknologi Universitas Islam Negeri (UIN) Maulana Malik Ibrahim.Malang.

19. Worotikan DE. Efek Buah Lemon Cui (Citrus microcarpo) Terhadap Kerusakan Lipida Pada Ikan Mas
(Cyprinus carpio L) Dan Ikan Cakalang (Katsuwonus pelamis) Mentah. Skripsi. FMIPA UNSRAT,
Manado. Jurnal Mipa Unsrat Online.2011,2 (1): 50-55.

20. Pourmourad F, Hosseinimehr SJ, Shahabimajd N. Antioxidant Activity, Phenol and Flavonoid Contents
of Some Selected Iranian Medicinal Plants. African journal of Biotechnology. 2006, 5(11): 1142-1145.

21. Robinson T. Kandungan Organik Tumbuhan Tinggi. 1995. Penerjemah: K. Padmawinata. Edisi IV. ITB
Press.Bandung.

22. Haris M. Penentuan Kadar Flavanoid Total Dan Aktivitas Antioksidan Dari Daun Dewa (Gynura
pseudochina) Dengan spektrofotometer UV-Visible. 2011. Skripsi. Fakultas Farmasi. Universitas
Andalas.Padang.

23. Cheng SY, Huang KJ, Wang SK, Duh CY. Capilloquinol: a novel farnesyl quinol from the dongsha
atoll soft coral Sinularia capillosa. Marine Drugs. 2011, 9; 1469-1476. doi: 10.3390/md9091469.

24. Pratt DE dan Hudson BJF. Natural Antioxidant Not Exploited Commercially. 1990. In Food
antioxidant. Hudson, B.J.F (ed.) Elsevier Applied science. London.

25. Zhao HY, Shao CL, Li  ZY, Han L,  Cao F and Wang CY. Bioactive Pregnane Steroids from a South
China Sea Gorgonian Carijoa sp. Molecule. 2013,18:3458-3466.

26. Wang  SK,  Puu  SY,  Tang  H,  and  Duh  CY.  New  Steroids  from  the  Soft  Coral  Nephthea  chabrolli.
Marine Drugs. 2013,11:571-580.

27. Wang SK, Puu SY, Tang H, and Duh CY. New 19-oxygenated Steroids from the Soft Coral Nephthea
chabrolli. Marine Drugs. 2012, 10(6):1288-1296.

28. Doerge F. Buku Teks Wilson Dan Gisvold Kimia Farmasi Dan Medicinal Organic.1982. Institute
Keguruan dan Ilmu Pendidikan Press.Semarang.

29. Van Dyck S, Gerbaux P, and Flammang P. Qualitative and Quantitative Saponin Contents in Five Sea
Cucumbers from the Indian Ocean. Marine Drugs.  2010, 8:173-189

30. Bai  X,  Chen  Y,  Chen  W,  Lei  H  and  Shi  G.  Volatile  constituents,  inorganic  elements  and  primary
screening of bioactivity of black coral cigarette holders. Marine Drugs. 2011, 9(5):863-878.

31. Sangi M, Runtuwene MRJ, Simbala HEI, Makang VMA. Analisis Fitokimia Tumbuhan Obat Di
Kabupaten Minahasa Utara. Chemical Program. 2008,1(1):47-53.

*****


