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المركبات النشطة بيولوجيا من الشعاب المرجانية العمانية الناعمة والتي تنتمي إلى جنس
  )Sinularia(  و سينيولاريا ) Sarcophyton( ساركوفايتون

شيماء بيت مقبول،  سيرجي دوبريتسوف 

Abstract. Soft corals are marine invertebrates belonging to the class Anthozoa and are rich in bioactive subs-
tances that provide their defense and protection from predators, pathogens, and other unfavorable organisms. Seven 
soft coral species belonging to the genera Sarcophyton and Sinularia were collected from Omani water and extracted 
and their antibacterial and antifungal properties were tested using the agar-disk diffusion method and a MicroResp 
technique. Potential compounds that were present in the species were characterized using GC-MS analysis. The 
results showed that the soft coral species have anti-bacterial activity against Gram-negative bacteria Pseudomonas 
putida and Pseudomonas tunicata. The GC-MS analysis found the presence of antibacterial, antifungal, antiviral, 
anticancer, antioxidant agents, agrochemicals, and medicine chemicals. Three novel compounds were found in a Sar-
cophyton sp. In addition, the compound Andrographolide found in a Sarcophyton sp. has been recently studied as an 
antiviral agent against SAR-CoV-2. Moreover, the compound Decosane which is found in Sinularia sp. has been used 
as an anti-parasitic agent against the female Anopheles mosquito to treat malaria in Pakistan. This study highlighted 
the importance of Omani soft corals as a source of novel bioactive compounds.
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الخلاصــة: الرجــان الناعــم عبــارة عــن لافقاريــات بحريــة تنتمــي إلى فئــة الأنثــوزوا وهــي غنيــة بالــواد النشــطة بيولوجييــا والتــي توفــر لهــا الدفــاع والحمايــة 
ــس ــي إلى جن ــي  تنتم ــم الت ــان الناع ــن الرج ــواع م ــبعة أن ــع س ــم جم ــة. ت ــواد غير الرغوب ــن ال ــا م ــراض وغيره ــببات الأم ــة ومس ــات الفترس ــن الحيوان  م

 Sarcophyton و  Sinularia مــن اليــاه العمانيــة وتــم اســتخلاصها واختبــار خصائصهــا الضــادة للبكتيريــا والفطريــات باســتخدام طريقــة انتشــار قــرص الأجــار 
وتقنيــة MicroResp. تــم تشــخيص الركبــات الحتملــة في هــذه الأنــواع باســتخدام تحليــل GC-MS. أظهــرت النتائــج أن أنــواع الرجــان الناعمــة لهــا نشــاط 
مضــاد للبكتيريــا ـــد الأنــواع ســالبة الـــرام Pseudomonas putida و Pseudomonas tunicata. بيــنما أظهــر تحليــل GC-MS وجــود مضــادات للبكتيريــا، 
ومضــادات للفطريــات، ومضــادات للفيروســات، ومضــادات للسرطــان، وعوامــل مضــادة للأكســدة، وكذلــك أظهــر وجــود مركبــات كيميائيــة زراعيــة، ومــواد 
افة إلى ذلــك، تم العثــور على مركــب Andrographolide في الرجان لاـــة مركبــات جديــدة في الرجــان  Sarcophyton sp. بالـإ كيميائيــة طبيــة. تــم العثــور على ـ

Sarcophyton sp. هــذا وـــت دراســته مؤخــريا كعامــل مضــاد للفيروســات ـــد SAR-CoV-2. علاوة على ذلــك، فــإن مركــب ديكــوزان الوجــود في الرجــان 
Sinularia sp. تــم اســتخدامه كعامــل مضــاد للطفيليــات ـــد أنثــى بعوـــة الأنوفيلــة لــعلاج اللاريــا في باكســتان. ســلطت هــذه الدراســة الضــوء على أهميــة 

الشــعاب الرجانيــة العمانيــة الناعمــة كمصــدر لركبــات نشــطة بيولوجيــاي جديــدة

الكلمات الرئيسية: الرجان الناعم؛ مركب نشط بيولوجيا. النشاط البيولوجي؛ مضادات حيوية؛ بحر عمان.
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Introduction

Soft corals are marine invertebrates that 
belong to the phylum Cnidaria, class An-
thozoa, subclass Octocorallia and to the 

order Alcyonacea which involves three families 
Xeniidae, Nephtheidae, and Alcyoniidae; many 
genera are included within these families (Ara-
take et al., 2012). Soft corals exist throughout 
the entire ocean, from shallow tropical waters 
to deep cold waters (Fabricius et al. 1995). In 
contrast to the hard corals which belong to the 
same class Anthozoa, soft corals do not have the 
calcium carbonate skeleton which acts as a de-
fense mechanism for the hard corals. Therefore, 
soft corals use toxic and bioactive compounds to 
protect themselves against predators (Van et al., 
1992; Dobretsov et al. 2016). Experiments with 
soft corals showed that compounds produced by 
soft corals lead to the death of nearby hard corals 
(Sammarco et al., 1987).

 Antimicrobial, anti-cancer, antiviral, an-
tifouling, and antifungal biological activities of 
soft corals have been intensively studied (Kim 
et al., 1994; Weinheimer et al., 1977; Seo et al., 
1995; Su et al., 1993; Anthoni et al., 1991). A 
number of marine natural products have been 
isolated from soft corals. For example, a study 
of Red Sea marine organisms' cytotoxic and an-
tiviral activities suggested that soft corals Sarco-
phyton trochliophorum and Litophyton arboreum 
have potent activity against HeLa and U-937 
cancer cell lines (Ellithey et al., 2014). The an-
timicrobial activity of soft corals belonging to 
genera Parerythropodium, Dendronephthya, 
Lobophytum, and Sarcophyton have been stu-
died (Kelman et al., 1998; Harder et al., 2003; 
Gomaa et al., 2016; Zhao et al., 2013). One of 
the studies investigated the antimicrobial effect 
of the Red Sea soft coral Sarcophyton trochelio-
phorum against bacteria Bacillus cereus, Salmo-
nella typhi, Escherichia coli, Staphylococcus au-
reus, and Pseudomonas aeruginosa. The results 
showed intense antimicrobial activity which was 
linked to the presence of terpenoid bioactive 

derivatives in the crude extracts (Gomaa et al., 
2016). In addition, the potential antioxidant ac-
tivity of the same soft coral species was studied 
using the DPPH radical scavenging method. 
The study linked the antioxidant activity of soft 
corals to the presence of vitamin E in their ex-
tracts (Kim 1994). Therefore, marine organisms 
that have defensive features, such as soft corals, 
could be used as antibiotic products against bac-
terial, fungal, cancerous, viral, and parasitic di-
seases.

 Sinularia and Sarcophyton are the most 
dominant soft coral genera under the family Al-
cyoniidae (Aratake et al. 2012). The species of 
these genera are resistant to predation and live 
for a long time (Mcfadden et al., 2006). These 
soft coral species are made up of tiny animals 
called polyps which connect to each other and 
act like a single organism. Each soft coral spe-
cies varies from the others according to its co-
lony-forming polyps and zooxanthellae type. 
Sarcophyton species have a special sterile stalk, 
a wide mushroom-shaped top known as the ca-
pitulum (Aratake et al., 2012). The capitulum of 
the Sarcophyton could change its shape into a 
cup or funnel-shaped one for preservation in case 
of touch and thereof (Verseveldt et al. 1982). On 
the other hand, Sinularia species are low and flat 
in shape and they do not have a stalk. The colony 
is dish-shaped (Verseveldt et al., 1980).

 Species of soft corals Sinularia and 
Sarcophyton are rich in bioactive compounds. 
Some new compounds were isolated from these 
soft corals (Rodrigues et al., 2019). These com-
pounds have potent biological properties. A new 
18-oxygenated polyhydroxy steroid from the 
soft coral Sarcophyton sp. showed cytotoxic 
and antimicrobial activities (Sun et al., 2013). 
In addition, a new 9,11-secosteroid, 25(26)-de-
hydrosarcomilasterol, two new polyhydroxy-
lated steroids, 7α-hydroxy-crassarosterol A and 
11-acetoxy-7α-hydroxycrassarosterol A were 
isolated from the soft corals Sarcophyton troche-
liophorum and Sinularia flexibilis, respectively. 
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The compounds were tested against the tumor 
cell lines K562 and HL-60 (Chen et al., 2014). 
Moreover, three new cembranoids: sarcophyto-
lol, sarcophytolide B, and sarcophytolide have 
been isolated from the soft coral Sarcophyton 
glaucum which showed cytotoxic activity 
against human hepatocellular liver carcinoma, 
human breast adenocarcinoma and prostate can-
cer (Al-Lihaibi et al., 2014). Essential oils were 
extracted from the Iranian soft coral Sinularia 
sp. (Mehdinia et al., 2014). This was the initial 
report on the essential oil of this species.

 Only a few studies of bioactive com-
pounds from soft corals inhabiting the Arabian 
Gulf and the Sea of Oman have been published 
(Erfani et al., 2015; Dobretsov et al., 2016; Go-
zari et al., 2019). The extracted compounds from 
Omani marine organisms showed strong acti-
vity against the breast adenocarcinoma model 
(Dobretsov et al., 2016). Malformin A, kuano-
niamine D, hymenialdisine, and gallic acid have 
strong anticancer effects. This indicates that, in 
particular, Omani organisms and soft corals can 
have high biotechnological potential. 

 This study was aiming to test the antimi-
crobial and antifungal activity of the soft corals 
Sinularia spp. and Sarcophyton spp. and to cha-
racterize the potential compounds that are pre-
sent in these species. 

Materials and Methods

Soft Coral Collection and Extraction

The seven species of soft corals belonging to the 
genera Sinularia and Sarcophyton were collec-
ted by SCUBA diving from the Bander Al-Khai-
ran coast in the Sea of Oman (Figure 1, Supple-
mentary Table 1). Immediately, specimens were 
placed individually in clean plastic bags and 
stored on ice on the boat. At the SQU Marine 
Science and Fisheries laboratory, the samples 
were stored at -20°C for further processes.

 After a few days, the stored soft corals 
were cleaned, chopped into small pieces, wei-
ghed, and placed in separate clean glass flasks 
for the extraction process. Soft coral specimens 
were extracted by an equal ratio (1:1) of the 
solvent mix (Methanol: Ethyl Acetate, Sigma). 
The solvent fully covered the soft coral material. 
Specimens were extracted for 5 days under sha-
king. This step was repeated twice in order to 
extract all compounds from the coral. Then, both 
extracts were combined and filtered using 9 cm 
Whatman filter paper. Finally, the samples were 
evaporated until dryness under reduced pressure 
using a rotary evaporator (Buchi) at the tempera-
ture of 40℃. The crude extract of each soft coral 
sample was weighed and then dissolved in the 
same solvent mix (Methanol: Ethyl acetate, 1:1). 
Different concentrations of the crude extracts 
(0.15 mg/ml, 0.5 mg/ml, and 0.8mg/ml) were 
prepared by diluting the extracts using Metha-
nol: Ethyl acetate, 1:1. These concentrations of 
extracts were used as standard concentrations for 
the further tests (see below).

Anti-microbial Activity

An agar-disk diffusion method was used to in-
vestigate the antimicrobial activity of the soft 
corals' extracts. Species of Gram-positive and 
Gram-negative bacteria were chosen for the an-

Figure 1. Photographs of the soft coral species belon-
ging to the genera Sarcophyton and Sinularia: a) Sarco-
phyton BK40401; b) Sarcophyton BK40402; c) Sinula-
ria BK1105191; d) Sinularia BK1105192.
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timicrobial activity test. The test was carried out 
on separate days for each bacterial species. First, 
freshly cultured bacteria were prepared by ino-
culating pure bacterial colonies of Lysinibacillus 
fusiformis (Gram-positive) and Pseudomonas 
putida (Gram-negative) to freshly autoclaved 
marine broth (Sigma, USA). Both bacteria were 
isolated previously from seawater. The broth 
with the bacterial inoculum was incubated at 37 
℃ for 24 hours. Second, freshly prepared Ma-
rine agar (MA, Sigma, USA) was inoculated 
with a bacterial culture of L. fusiformis and P. 
putida (OD620: 0.08 ABS for L. fusiformis and 
OD620: 0.03 ABS for P. putida). Third, 20µL of 
each concentration (0.15, 0.5, and 0.8 mg/ml) of 
extracts were added individually to sterile pa-
per disks (6mm in diameter). Then, the extracts 
were evaporated until fully dry. Disks immersed 
in 20% gentamicin (Sigma) were used as a posi-
tive control and sterile paper disks were used as 
a negative control. Forth, the disks with extracts 
or control ones were placed onto the inoculated 
MA plates. The MA plates were incubated at 37 

℃ for 24 hours. Finally, the plates were obser-
ved, and the diameters of the growth inhibition 
zones were measured using a ruler and recorded. 
The test was carried out in 3 replicates for each 
soft coral extract of each bacterial species.

Microbial Respiration Rate

The MicroResp™ technique was used to analyze 
the microbial respiration rate of the same species 
of Gram-positive L. fusiformis and Gram-nega-
tive bacteria P. putida in the presence of soft co-
ral extracts. This method is based on measuring 
the amount of CO2 produced by microbes and 
absorbed by an indicator stock solution during 
its growth phases for a period of time. The prin-
ciple of this method is by exposing an indicator 
stock solution to the CO2 emitted by microbes 
in a closed controlled ambient environment. The 
amount of CO2 emitted by the microbes is grea-
ter when microbes are growing and respiring. 

 The MicroResp colorimetric method 
contains several stages. First, 3% purified agar 
and indicator stock solution using a 1:2 ratio 

Supplementary Table 1. Sampling information about the soft coral species.

Genera Label Coordinates Depth (m) Sampling date

Sarcophyton BK40401 23.520457N 
58.747446E 10 04/04/2019

Sarcophyton BK40402 23.520457N 
58.747446E 10 04/04/2019

Sarcophyton BK40403 23.520457N 
58.747446E 10 04/04/2019

Sarcophyton BK40404 23.520457N 
58.747446E 10 04/04/2019

Sinularia BK1105191 23.518834N 
58.755429E 5 11/05/2019

Sinularia BK1105192 23.518834N 
58.755429E 5 11/05/2019

Sinularia BK1105193 23.518834N 
58.755429E 5 11/05/2019
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(agar: indicator) was mixed and warmed in the 
60°C water bath. Second, each well of an auto-
claved multi-well plate (96 wells, Nunc, Den-
mark) was filled with 150 µL of this solution. 
Third, the detection plate was kept under the de-
siccator in a dark place for at least 4 days in order 
to equalize the agar color. Then, freshly-cultured 
bacteria were prepared one day before the test by 
inoculating pure bacterial colonies of Lysiniba-
cillus fusiformis (Gram-positive), Pseudomonas 
putida, and Pseudomonas tunicata (Gram-nega-
tive) to freshly autoclaved marine broth (Sigma, 
USA). The cultures were incubated at 37 ℃ for 
24 h. On the day of the test, the detection plate 
was read at 570 nm by an Emax MultiScan mi-
croplate reader (Molecular Devices, USA) and 
the time was recorded. Each well of sterile 96-
well 1.2 mL and deep-well plate (James Hutton 
Limited, UK) was filled with 100µL of [0.5mg/
mL] soft coral extracts and 500 µL of standard 
inoculum of bacteria (OD620: 0.03 ABC). Me-
thanol: Ethyl Acetate (1:1) was used as a control. 
There were 4 replicates for each inoculum. Four-
th, the detection plate was assembled with the 
deep-well plate using the MicroResp seal (James 
Hutton Limited, UK). Finally, the assembled de-
vice was fixed using a metal clamp (James Hut-
ton Limited, UK), and kept under a desiccator 
at room temperature (25°C) in a dark place. The 
plate was read twice using a microplate reader 
(MultiScan) after 3 h and 22 h. The data were 
analyzed by MicroResp equations using Micro-
soft Excel software.

 As a first step, we exported and sorted 
the data from the spectrometer program into an 
Excel spreadsheet. Second, the normalization of 
Absorbance data (Ai) was done by the following 
equation:

Ai = (At22/At0) × Mean (At0)            (1)

Third, the following formula used to convert 
the (Ai) into %CO2:

%CO2 = A + B/ (1 + D × Ai),  (2)

where A = -0.2265, B = -1.606 and D = -6.771, 
Finally, the CO2 rate (µgC/ml/h) was calculated 
as following:

(((%CO2/100) × volume (µL) × (44/22.4) × 
(12/44) × (273/ (273 + T(°C))))/ (Specimen vo-
lume (mL/well)))/Incubation Time(hour)   (3)

where the headspace volume is normally 945 µL 
for the standard set-up adjusted according to ma-
nufactures specifications for the microplate and 
deep-well plate. The specimen weight is 1 mL/
well, the temperature is 25°C, and the incuba-
tion time was 22.33 h. The results were repre-
sented through Excel graphs and ANOVA statis-
tical analysis with a LSD test was applied for the 
whole set of extracts and three different bacteria 
species.

Anti-fungal Activity

The antifungal activity of soft coral extracts was 
tested against 3 species of plant and human pa-
thogenic fungi including Fusarium sp., Pythium 
sp., and Rhizoctonia sp. (Munkvold, 2017; Del, 
2016; Ajayi, 2017). An agar disk diffusion me-
thod was used to test the anti-fungal activity of 
extracts (Kim, 2018). Before the experiment, 
three dilutions (0.15, 0.5, and 0.8 mg/mL) of 
soft coral extracts were filtered by Whatman® 
Nylon 0.2µm filters. The three species of fun-
gi were cultured on PDA (potato dextrose agar, 
Sigma) agar plates prior to the study. The fungal 
cultures were incubated at 30°C for several days 
depending on the fungal species: Fusarium sp. 
was incubated for 6 days; Pythium sp. was incu-
bated for one day and Rhizoctonia sp. for two 
days. Then, fungal mycelia were cut using a 6 
mm cork. Finally, each fungal cut was placed 
in the middle of the freshly prepared PDA agar 
plate. Three paper disks (6 mm in diameter) with 
extracts (concentrations 0.15, 0.5 and 0.8 mg/
mL) were placed 1 cm away from the fungal 
inoculum. A fourth disk containing the solvent 
mix was used as a control. The plates were kept 
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at room temperature and were daily observed for 
a week. There were 2 replicates for each treat-
ment.

Soft Coral Extracts as Plant Growth Promo-
ters

The effect of two soft coral extracts (BK1105191 
and BK40404, Supplementary Table 1) was 
tested on the growth of radish seeds. We pro-
posed that soft coral extracts could contain 
supplementary compounds for plant growth. In 
order to do the experiment, a 9 cm Whatman® 
filter paper was placed onto an empty Petri dish 
and 15 mL of 0.1 mg/mL soft coral extracts were 
added. About 5 radish seeds were placed at equal 
intervals onto the Petri dish and covered by a co-
ver. The plate was sealed with Parafilm®, and 
the three holes were made in the cover. The test 
was carried out in 3 replicates. Petri dishes ino-
culated with tap water were used as a control. 

The plates were kept at room temperature and 
seeds were observed for 5 days.

Chemical Composition of Extracts

Gas Chromatography coupled with Mass Spec-
trometry was used for separating and detecting 
the organic compounds in the extracts of seven 
species of soft corals. GC-MS analysis was per-
formed on a Perkin Elmer Clarus 600 GC System, 
fitted with an Rtx-5MS capillary column (30 m 
× 0.25 mm i.d. × 0.25 μm film thickness; maxi-
mum temperature, 350℃), coupled to a Perkin 
Elmer Clarus 600C MS. Ultrahigh purity helium 
(99.9999%) was used as carrier gas at a constant 
flow of 1.0 mL/min. The injection, transfer line, 
and ion source temperatures were 280, 270, and 
270℃, respectively. The ionizing energy was 70 
eV. Electron multiplier (EM) voltage was ob-
tained from autotune. All data were obtained by 
collecting the full-scan mass spectra within the 
scan range of 40-550 amu. The injected sample 

Figure 2. Minimum Inhibitive Concentrations (MIC, mg/mL) of the soft coral extracts of BK40401, 
BK40402, BK40403, BK40404, BK1105191, BK1105192, and BK1105193 against P. putida. Positive 
control – gentamicin, negative control – solvent.sitive control – gentamicin, negative control – solvent.
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volume was 1 μL with a split ratio of 10:1. The 
oven temperature program was 60°C at a rate of 
8°C/min and 280°C hold for 25 minutes. The 
run time was 53.5 minutes. The unknown com-
pounds were identified by comparing the spec-
tra obtained with mass spectrum libraries (NIST 
2011 v.2.3 and Wiley, 9th edition). Finally, all 
chemical compounds that were listed for each 
soft coral extract were analyzed using the Pu-
bChem website (https://pubchem.ncbi.nlm.nih.
gov/, National Library of Medicine, 2004), and 
then the most dominant compounds were listed. 
The composition of extracts from different spe-
cies was clustered and ordinated using Excel and 
PAST software; the ordination was applied by a 
Non-Metric MDS statistical technique. NMDs is 
an indirect gradient analysis approach that pro-
duces an ordination based on a distance or dissi-
milarity matrix (Buttigieg et al., 2014).

Results

Soft Coral Extracts

Table 1 shows the weight (g) of soft corals and 
their extracts. Among Sarcophyton species, 
the highest weight of extracts was recorded 
for BK40403, while the lowest was found for 
BK40402. Among Sinularia species the highest 

weight of extracts was recorded for BK1105193, 
while the lowest was found for BK1105192. The 
weight of extracts from Sinularia was higher 
than for Sarcophyton species (Table 1).  Gene-
rally, the color of extracts from Sarcophyton spe-
cies was darker than from Sinularia spp.

Anti-microbial Activity

The agar-disk diffusion method demonstrated 
that there was no antimicrobial activity of co-
ral extracts against the Gram-positive L. fusi-
formis bacterium (data are not shown). On the 
other hand, the extracts of soft corals inhibited 
the growth of the Gram-negative P. putida as 
shown in Figure 2. The growth of the bacterium 
was inhibited by the concentration of 0.15mg/
mL except BK40402 (Figure 2). The inhibition 
of growth was concentration depended; higher 
concentrations resulted in bigger inhibition 
zones. However, the diameter of the inhibi-
tion zone was smaller compared to the positive 
control (gentamicin). 

Microbial Respiration Rate

In order to confirm the antibacterial activity of 
the extracts, the MicroResp test was conducted. 
The result of the MicroResp test showed that 

Table 1. The weights before and after the extraction of crude oils from soft coral species. Me – 
methanol, EA – ethyl acetate.

Sample Genera Weight of coral (g)
Weight of 
extract (g)

Volume of Solvents 
used (ml) (Me:EA)

Color tone of ex-
tract

BK40401 Sarcophyton 434 335 500:500       Dark brown

BK40402 Sarcophyton 321 308 250:250 Light olive

BK40403 Sarcophyton 787 712 500:500 Olive

BK40404 Sarcophyton 928 753 300:300 Lime

BK1105191 Sinularia 857 746 350:350 Light lime

BK1105192 Sinularia 714 619 350:350 Light brown

BK1105193 Sinularia 921 787 300:300 Pale lime
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there was no antimicrobial effect of soft coral 
extracts on the Gram-positive bacterium L. fusi-
formis (Figure 3). On the opposite, the microbial 
respiration rate for BK1105191 was significantly 
higher (ANOVA, P<0.05) than that of the control 
(solvent mix). This suggests that coral extracts 
enhanced the growth of the bacterium possibly 

by providing some nutrients.
 On the other hand, the Gram-negative 
bacteria (P. putida and P. tunicata) showed a 
lower respiration rate in the presence of some 
soft coral extracts compared to the control (Fi-
gure 4). The respiration rate of P. putida in the 
control treatment was 0.25μgC/ml/h on ave-

Figure 3. L. fusiformis respiration rate (µgC/mL/h) in the presence of soft coral extracts BK40401, BK40402, 
BK40403, BK40404, BK1105191, BK1105192 and BK1105193. The straight line represents the control respiration 
rate. *BK1105191 has a significantly higher (P<0.05) respiration rate.

Figure 4. The respiration rates (µgC/mL/h) of Pseudomonas putida (A) and Pseudomonas tunicata (B) species in 
the presence of soft coral extracts. Only BK1105192 significantly (P<0.05) reduced respiration rate. The straight line 
represents the control respiration rate.

(A) (B)
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rage (Figure 4a). Only the extract of soft coral 
BK1105192 significantly (ANOVA, P<0.05) re-
duced the microbial respiration rate compare to 
the solvent control (Figure 4a). The bacterium 

P. tunicata had a respiration rate of 0.28 μgC/
ml/h on average in the control (Figure 4b). The 
extract of BK1105192 significantly (ANOVA, 
P<0.05) reduced the microbial respiration rate. 

Figure 5. The comparison of chemical compounds in soft corals and similarity between extracts: (A) The cluster 
analysis between extracts in soft corals: (1) BK40401;  (2) BK40402; (3) BK40403; (4) BK40404,  (5) BK1105191; 
(6) BK1105192;  (7) BK1105193. (B) The NMDs analysis of chemical compounds in soft corals.

Table 2. The most dominant chemical compounds (>10%) in each of the seven soft coral species which 
were investigated by the GC-MS process.

Soft coral code/ species  Chemical compound Proportion (%)

Sarcophyton spp.

BK40401
Fucosterol 21.5
Hexadecanoic acid, hexadecyl ester 11.9
22,23-Dibromostigmasterol acetate 12.4

BK40402
Unidentified at RT 26.888min 47.8
Unidentified at RT 27.148min 30.2
Unidentified at RT 27.560min 12.9

BK40403
Heptadecanoic acid, methyl ester 15.1
Retinol, acetate 16.4
Methyl arachidonate 17.3

BK40404 22,23-Dibromostigmasterol acetate 12.5
Sinularia spp.

BK1105191
Octadecanoic acid, methyl ester 13.5
Heptadecanoic acid, 16-methyl-, methyl ester 15.0
Fucosterol 30.4

BK1105192 .(-)-Alloaromadendrene 21.0
22,23-Dibromostigmasterol acetate 12.6

BK1105193
Alloaromadendrene 11..2
Germacrene D 15.6
Palmitic acid, methyl ester 26.3

(A) (B)
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On the opposite, the extract BK1105193 showed 
a significant increase (ANOVA. P<0.05) in the 
respiration rate of the bacterium up to 0.37μg ± 
0.07(SD) C/ml/h compared to the control. 

Anti-fungal Activity

No antifungal activity was observed for tested 
soft coral extracts in the disk diffusion method 
against the hazardous fungal species Fusarium 
sp., Pythium sp., and Rhizoctonia sp. (results are 

not shown). After 48h, the fungi overgrown the 
disks with the extracts.

Soft Coral Extracts as Plant Growth Promo-
ters

The test demonstrated that all extracts comple-
tely stopped the growth of the seeds compared to 
the control (water only, data are not shown). This 
suggests that soft coral extracts are toxic to seeds 
and cannot be used as nutrient supplements. 

Table 3. Varied chemical compounds were investigated by GC-MS technique from seven species of soft 
corals and their contents in percentages range (5% ~ 10%). The compounds were classified according to 
their possible uses.

Activity Chemical compounds Proportion% Soft coral code

Anti-bacterial agents
Chlorocyanopropyldimethylsilane 5.1 BK40403
2-Methyl-Z,Z-3,13-octadecadienol 9.3 BK1105191
Methyl linoleate 5.1 BK1105193
Andrographolide 6.7 BK40403

Anti-parasitic agent Docosane 7.1 BK1105191
Anti-fungal agent trans-Farnesol 6.1 BK40403

Anti-viral agents
Andrographolide 6.7 BK40403
Cyclopentane, heneicosyl- 6.9 BK1105192
Methyl linoleate 5.1 BK1105193

Anti-cancer agent Andrographolide 6.7 BK40403

Human health uses

Palmitic acid, methyl ester 9.4 BK40404

Methyl stearate 6.5 and 5.2 BK40404 and 
BK1105193

Z-8-Octadecen-1-ol acetate 9.8
BK40404Methyl arachidonate 10

Lanolin 8.9
Arachidonic acid 7.1 BK1105191

β-Cadinene 5.8 and 5.2 BK1105192 and 
BK1105193

Methyl linoleate 5.1 BK1105193

Anti-oxidant agent β-Cadinene 5.8 and 5.2 BK1105192 and 
BK1105193

Agrochemicals
β-Cadinene 5.8 and 5.2 BK1105192 and 

BK1105193

(Z)-9-(E)-12-Tetradecadien-1-ol acetate BK1105193 BK1105193
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GC-MS Analysis

Table 2 is showing the most dominant com-
pounds and their proportion in extracts of soft 
coral species investigated by GC-MS. The most 
dominant chemical compounds in the soft co-
ral BK40401 (Sarcophyton sp.) are Fucosterol 
(21.5%), 22,23-Dibromostigmasterol acetate 
(12.4%) and Hexa-decanoic acid hexadecyl ester 
(11.9%). Compare to other soft corals, BK40402 
has three unidentified compounds that were pre-
sent in large quantities (47.8%- 12.9%) (Table 
2). These could be novel compounds. BK40402 
(Sarcophyton sp.) it is the only extract that has 
un-identified compounds in large quantities. In 
addition, there are only 2 compounds presented 
at less than 3%. The soft coral BK40403 (Sar-
cophyton sp.) contains the following dominant 
compounds: Heptadecanoic acid, methyl ester 
(15.1%), Retinol, acetate (16.4%), and Methyl 
arachidonate (17.3%) (Table 2). The soft coral 
BK40404 (Sarcophyton sp.) has only one com-
pound dominant compound 22,23-Dibromostig-
masterol acetate that presents at >10%. This com-
pound is also present in the soft coral BK40401 
(12.4%), as well as in the soft coral BK1105192 
(12.6%). However, in BK40402 and BK40403 
this compound was present at lower quantities 
(1-0.7%) (Table 2). 

 Different compounds were found in Si-
nularia spp. The soft coral BK1105191 contains 
the following dominant compounds: Octadeca-
noic acid, methyl ester (13%), Heptadecanoic 
acid, 16-methyl-, methyl ester (15%), and Fucos-
terol (30.4%) (Table 2). Fucosterol was found in 
Sarcophyton sp. BK40401 (21.5%). The soft co-
ral BK1105192 contained mainly 22,23-Dibro-
mostigmasterol acetate (12.6%) and (-)-Alloaro-
madendrene (21%). Finally, Alloaromadendrene 
(11.2%), Germacrene D (15.6%), and Palmitic 
acid, methyl ester (26.3%) were found in the soft 
coral BK1105193 (Table 2). 
 Other compounds were found at lower 
percentages (about 5%, Table 3). By screening 

the literature, we classified them according to 
their possible way of utilization. The soft coral 
compounds include antibacterial, anti-parasitic, 
anti-fungal, anti-viral, anti-oxidant, anti-can-
cer and agrochemical agents. In this regard, 
Sarcophyton sp. BK40403, and Sinularia spp. 
BK1105191, BK1105192 and BK1105193 
contain potential antibacterial and anti-viral 
agents.

 The chemical composition of soft co-
ral extracts was analyzed by a cluster analysis 
(Figure 5a). The analysis has shown that soft 
coral extracts can be divided into four separate 
clusters: cluster 1 – extracts of BK40401 and 
BK40402, cluster 2 – extracts of BK1105191, 
cluster 3 – extracts of BK40404, BK1105192 
and BK1105193 and cluster 4 – extracts of 
BK40403.  It is interesting that in all cases the 
similarity between different extracts was lower 
(>15%). In order to further investigate dissimi-
larity between extracts, a Non-metric Multidi-
mensional scaling (NMDs) analysis was used 
(Figure 5b). It showed several distinct groups of 
extracts: BK40401 and BK40402, BK40403 and 
BK1105191, and BK40404, BK1105192 and 
BK1105193.

Discussion
In this study, the antibacterial and antifungal 
activity of seven soft coral species from the ge-
nera Sarcophyton and Sinularia inhabiting the 
Sea of Oman were investigated. These species 
were selected due to the fact that they are highly 
abundant (Aratake et al. 2012) and according to 
previous studies produce many bioactive com-
pounds (Dobretsov et al., 2016; Gozari et al., 
2019; Rodrigues et al., 2019). 

 The results of the agar disk-diffusion me-
thod showed that all soft coral extracts have an-
tibacterial effects only against Gram-negative (P. 
putida) but not Gram-positive bacteria (L.fusi-
formis). This might be due to the structural diffe-
rences between Gram-positive and Gram-nega-
tive bacteria. Gram-positive bacteria have thick 
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cell walls consisting of peptidoglycan, while in 
Gram-negative bacteria peptidoglycan layer is 
thin and surrounded by lipopolysaccharides (Sil-
havy et al., 2010).  On the opposite, previous stu-
dies demonstrated that Red Sea soft corals, Sar-
cophyton spp. and Sinularia polydactyla were 
active against Gram-positive but not Gram-ne-
gative bacteria, such as E.coli (Afifi et al., 2016). 
The differences between the results could be be-
cause different bacteria were used for testing in 
these experiments. 

 The highest antibacterial activity in the 
agar disk-diffusion experiment was observed for 
the soft coral Sarcophyton sp. BK40403. The 
estimated reason could be due to the presence 
of the antimicrobial compound Andrographo-
lide that was detected by GC-MS. It has been 
shown that Andrographolide has a strong an-
tibacterial activity against Pseudomonas spp. 
(Zhang et al., 2022). The most interesting part 
is that Andrographolide can act against SAR-
CoV-2 (COVID-19) (Shi et al., 2020; Sudeep et 
al., 2020; Enmozhi et al., 2021). A recent stu-
dy showed that Andrographolide from the plant 
Andrographis paniculate has different biological 
activities involved in immunomodulation (Ba-
nerjee et al., 2020). In addition, Andrographo-
lide has anti-cancer properties against different 
cancer cell lines (Zhang et al., 2022). However, 
the diameter of the inhibition zone for Sarco-
phyton sp. BK40403 was smaller compared to 
an antibiotic in our study. This could be due to 
the fact that gentamicin is a pure chemical com-
pound, while soft coral extracts compose many 
compounds. Thus, the actual concentration of 
active compound(s) in soft coral extracts could 
be lower than that of gentamicin. In our study, 
the minimal inhibitory concentration (MIC) of 
soft coral extracts was 5-10-fold lower than pre-
viously reported for Sinularia and Sarcophyton 
species from Oman waters (Dobretsov et al., 
2015). In that study, only Cladiella sp. inhibited 
the growth of Bacillus sp. from biofouling bac-
teria. The active compound was identified as a 
mixture of hexadecyl palmitate and hexadecyl 

stearate. The differences between our results and 
the work of Dobretsov et al. (2015) can be attri-
buted to differences in chemical extracts of soft 
corals as well as differences in tested bacterial 
species. 

 In order to confirm our antibacterial re-
sults, we used the MicroResp® method. This 
method was successfully used to investigate the 
effect of pollutants on lotic biofilms in aquatic 
systems (Tlili et al. 2011). The method is mea-
suring the production of CO2 by bacteria during 
the short-term incubation of biofilms with che-
mical compounds or pollutants. Thus, this me-
thod allows an indirect estimate of the growth 
of bacteria. Results of the MicroResp® method 
confirmed that only Gram-negative bacteria 
were affected by soft coral extracts. Extracts of 
the soft coral Sinularia sp. BK1105192 had the 
best result for reducing the respiration rate of P. 
putida and P. tunicata. The possible reason could 
be the presence of 22,23-Dibromostigmasterol 
acetate recorded by GC-MS. This compound in-
hibited the growth of Pseudomonas pvocyanea 
and other Gram-negative bacteria (Sharma et al., 
1993).
 On the opposite, extracts of Sinularia 
sp. BK1105193 increased the respiration rate 
of the bacterium P. tunicata in our experiments. 
This surprising result could be explained by the 
presence of compounds that could be used as 
nutrients or growth promoters that enhance the 
growth of bacteria. To our knowledge, this is 
the first report of the enhancement of bacterial 
growth by soft coral extracts. However, there are 
some reports that some bacteria live in close as-
sociation with soft corals (Harder et al., 2003), 
which could indirectly support our hypothesis.

 The GC-MS analysis indicated the pre-
sence of many bioactive compounds in soft coral 
extracts, including antibacterial, antiparasitic, 
antiviral, antioxidant, anticancer, and agroche-
mical compounds. For example, one of the do-
minant soft coral compounds Fucosterol has po-
tential antioxidant properties (Zhao et al., 2013), 
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and it is an important source of novel anticancer 
drugs (Jiang et al., 2018; Mao et al., 2019).  In 
addition, it has anti-obesity activity (Maeda et 
al., 2018) and anti-diabetic properties (Jung et 
al., 2016). Fucosterol has been used as an anti-
microbial agent (Zeb et al., 2017) against Sta-
phylococcus aureus, Staphylococcus albus, and 
Streptocorus viridans (Gram-positive bacteria) 
and Escherichia coli, Pseudomonas pvocyanea, 
and Klebsiella (Gram-negative bacteria) (Shar-
ma et al., 1993).  While Trans-Farnesol found in 
Sarcophyton sp. BK40403 has antifungal pro-
perties against Candida parapsilosis CLIB214 
and Candida albicans (Nurrachma et al., 2021), 
but we were not able to find anti-antifungal acti-
vity. This could be explained either by different 
fungal species that were used in previous studies 
or by different bioactive compounds from tested 
species. 

 The chemical composition of soft co-
rals was compared using cluster and NMDs 
analysis. NMD is an indirect gradient analysis 
approach that produces an ordination based on 
a distance or dissimilarity matrix (Buttigieg et 
al., 2014). Opposite to our expectation, extracts 
were grouped not based on the genera of the soft 
corals. This could suggest two possible scena-
rios. First, the identification of soft corals was 
not correct. The identification was done by a co-
ral taxonomist based on the morphology of the 
corals. In the future, genetic analysis of soft co-
rals is needed to be done in order to confirm the 
morphological classification. Second, most of 
compounds could be produced not by soft corals 
but by their symbionts, which could be similar 
between different species. The production of 
bioactive compounds by symbionts of soft co-
rals has been shown before (Bengen et al., 2015; 
Sulistiyani et al., 2010). Thus, this hypothesis 
most likely explains the observed differences.

 There are a number of unidentified and 
possibly novel compounds detected by GC-MS 

in studied soft corals. Compare to other inves-
tigated species Sarcophyton sp.BK40402 has 
three unidentified compounds present in large 
quantities from 13% to 48%. This indicates that 
soft corals Sarcophyton spp. and Sinularia spp.  
could be a good source of novel secondary me-
tabolites.  Thus, in future studies, anti-cancer, 
anti-viral, anti-parasitic, and anti-oxidant activi-
ties of soft corals from Oman waters should be 
investigated.
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