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Carotenoids have shown beneficial applications in cosmetology, pharmacology, and medicine. However,
environmental stress in the marine environment can trigger the production of unique secondary metabo-
lites, such as carotenoids. These compounds can also be sustainably produced by symbiotic bacteria. We
hypothesized that the soft corals in tropical regions may produce diverse biological secondary metabo-
lites, including carotenoids, both by the host organism and their bacterial symbiont. The unique carote-
noids may provide promising biological activity such as antioxidant, UV photoprotector, and antibacterial
activities. To this end, we isolated and characterized the carotenoids isolated from the bacterial symbiont
of Sinularia sp., a soft coral from Panjang Island, North Java Sea, strain 19. PP.Sc.13. Bacterial identification
was performed using DNA barcoding of the 16S rRNA region. Identification of carotenoids was carried out
using a spectrophotometer, High-Performance Liquid Chromatography (HPLC), and attenuated total
reflection fourier-transformed infrared (ATR-FTIR) spectroscopy. The antioxidant activity was estimated
using the diphenylpicrylhydrazyl (DPPH) method, while the Sun Protection Factor (SPF) and % transmis-
sion of erythema and pigmentation were determined based on colorimetric methods. The antibacterial
activity assay was carried out using the agar diffusion method against two multidrug-resistant bacteria.
The bacterial symbiont was identified as Virgibacillus sp. and the carotenoids isolated from this symbiont
exhibited significant antioxidant activity and extra sun protection effect, thus categorized as UVA sun-
block. Furthermore, the isolated carotenoids exhibited antibacterial activities against Methicillin
Resistant-Staphylococcus aureus (MRSA) and Multidrug-resistant (MDR) Escherichia coli. This study pro-
vides evidence of the carotenoids produced by the soft coral bacterial symbiont Virgibacillus sp., which
may be used as an antioxidant, sun protection, and antibacterial agent. Further investigation of the de
novo biological production of carotenoids by Virgibacillus sp. is warranted.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Carotenoids are common naturally occurring secondary
metabolites with the ability to protect organs, tissue, and cells
from free radicals and lipid peroxide (Young and Lowe, 2018),
including the preclinical and clinically demonstrated decrease in
blood triglyceride levels (Zhuang et al., 2022). In cosmetology,
carotenoids have been applied to protect and nurture skin health
(Meléndez-Martínez et al., 2019). Carotenoids provide photopro-
tection, reduce scavenging singlet oxygen and peroxyl radicals,
and thus decrease sensitivity against UV-induced erythema (Sies
and Stahl, 2004; Zaytseva et al., 2021a).

Carotenoids derived from marine organisms, including sea-
weed, microalgae, marine animals, and hard and soft corals, pos-
sess a unique chemical structure and physiochemical
characteristics (Galasso et al., 2017; Setiyono et al., 2019a). Soft
corals are enriched with secondary metabolites, including a unique
class of carotenoids. However, the harvesting of corals can damage
the environment; thus, an alternative strategy is to explore symbi-
otic bacteria associated with soft corals since these symbionts also
produce secondary metabolites like their host (Burgess et al., 2003;
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Fig. 2. Sinularia sp.
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Mendes-Silva et al., 2020; Murti et al., 2016a; Setiyono et al.,
2019b). While this approach may prevent negative environmental
effects, the development of natural products for the pharmaceuti-
cal and cosmetology industries may be challenging. Culturing
methods and natural product synthesis induction must ensure
the expression of biosynthetic genes to produce natural products
resembling those in their natural habitat (Atanasov et al., 2021).

Many carotenoids produced from soft coral symbiotic bacteria
have shown pronounced potential as a commercial commodity
due to their biological activities (Galasso et al., 2017; Vílchez
et al., 2011), including antioxidant (Kusmita et al., 2021b, 2017;
Mutiara et al., 2017), anti-aging (Kusmita et al., 2021a), and
antibacterial activities (Kusmita et al., 2021b; Murti et al.,
2016b). (Fayez et al., 2022) recently reported the carotenoids pro-
duced by Virgibacillus halodenitrificans bacteria with biological
activity. Another study reported the anticancer and antiviral activ-
ities of the carotenoids of Natrialba sp. M6 (Hegazy et al., 2020),
which showed that carotenoids derived from bacteria can be uti-
lized in pharmaceutical and cosmetology applications.

The biological potency of the soft-coral Sarcophyton sp. bacterial
symbiont from the North Java Sea was identified, including the car-
otenoids derived from this bacterium (Kusmita et al., 2017). This
study furthers our knowledge of the distribution of Sinularia sp.
and its carotenoids-derived bacterial symbiont from the same area
(Ray Steven et al., 2022; Van Ofwegen, 2000a) and discusses the
potency of the carotenoids extracted as antioxidant, sun protec-
tion, and antibacterial agents.
2. Materials and methods

2.1. Sampling

Samples of soft coral Sinularia sp. were collected from Panjang
Island by scuba divers at a depth of approximately 2 m (Fig. 1)
between January - February 2019. Samples were placed in a plastic
container with sterile seawater and stored in a coolbox (Kusmita
et al., 2017; Nugraheni et al., 2010a). Images of the Sinularia sp.
samples were taken in situ at the surface using a Canon Power Shot
S50 underwater camera (see Fig. 2).
Fig. 1. Samplin
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2.2. Isolation of bacterial symbionts from soft corals

Bacterial symbionts were isolated using the distribution
method (Radjasa et al., 2009). Briefly, soft corals were rinsed using
sterile seawater and cut into pieces, then serially diluted (10-1,
10-2, 10-3, 10-4, and 10-5) from which 1 mL of the sample was pla-
ted onto Zobell 2216E agar. The Petri dishes were incubated at
30 �C for 1 – 2 days and the colored bacterial colonies on the agar
surface were separated with the streak method to obtain pure bac-
terial strain (Burgess et al., 2003; Murti et al., 2016b; Radjasa et al.,
2009).
2.3. Amplification of DNA barcode loci, 16S rRNA, and phylogenetic
tree construction

The genomic DNA of the selected bacterial strain was extracted
using the Quick-DNA Fungal/Bacterial Miniprep Kit (Zymo
Research, Irvine, CA, USA) according to the manufacturer’s proto-
col. The forward (50- CTC CTA CGG GAG GCA GCA G-30) and reverse
(50-GTG CCA GCM GCC GCG GTA A-30) primers were used to
amplify the 16S rRNA region of the bacterial DNA. The PCR mixture
contained 1 ll of genomic DNA, 1 ll of 20 pmol from each primer,
g location.



Table 1
Prediction of SPF.

SPF Protection category

2–4 Minimum
4–6 Moderate
6–8 Extra
8–15 Maximum
�15 Ultra
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12.5 ll of MyTaq Red Mix 2x (Bioline), and 9.5 ll of ddH2O. The
PCR cycles were initial denaturation at 95 �C for 1 min, followed
by 35 cycles of 95 �C for 15 s, 52 �C for 15 s, and 68 �C for 45 s.
The quality of the PCR product was checked using 1% agarose gel
before sequencing (Radjasa et al., 2013) and aligned with 35
sequences according to the MUSCLE algorithm. A maximum likeli-
hood phylogenetic tree based on the 16S rRNA gene was con-
structed for the phylogenetic analyses using the GTR + G + I
model with 1000 bootstrap replications using MEGA 7.0 (Kumar
et al., 2016).

2.4. Pigment extraction and total carotenoids content

The carotenoids from the symbiont bacteria were extracted in
methanol. The pigment-containing fraction was filtered, evapo-
rated, and dried under a N2 stream (Kusmita et al., 2017; Nugra-
heni et al., 2010b) before the total carotenoids content was
determined using a UV–Vis spectrophotometer at a wavelength
of 470 nm. Total carotenoids were calculated using the Gross equa-
tion (1990) as follows:

lg carotenoid=g ¼ A� V mLð Þ � 106

A1%
1cm � 100� GðgrÞ

where A = Absorbance, V = Total extract volume, A1%
1cm= 2500 (b-

carotene Extinction Coefficient in Hexane), and G = Sample Weight.

2.5. Identification of carotenoids

2.5.1. Spectrophotometry analysis
Initial identification of carotenoids was carried out using a vari-

ant CARY 50 multiple beam spectrophotometer at a wavelength of
300 – 600 nm (Rodriguez-Amaya and Kimura, 2004a).

2.5.2. High-Performance Liquid Chromatography (HPLC) analysis
Carotenoids were then identified using analytical – HPLC (Shi-

madzu analytical-UFLC, Kyoto, Japan) using Symmetry C8 column
(150 � 4.6 mm, 3.5 lm particle size, 100Ǻ pore size) (Water, Mil-
ford, MA, USA) with two eluents as mobile phase. Eluent A was
composed of 50% methanol, 25% acetonitrile, and 25% pyridine
solution (0.25 M, pH 5) (v/v), while eluent B was composed of
20% methanol, 60% acetonitrile, and 20% acetone with a flow rate
of 1 mL per min�1. The separation was performed using the gradi-
ent system: 100% of eluent A from 0 to 22 min, followed by 40%
eluent B at min 22 – 28, 5% eluent A (min 28 – 38), and 100% eluent
A at min 40 – 50 at a flow rate of 1 mL/min with the column oven
temperature set at 30 ◦C. The carotenoids were detected with a
diode array detector at 450 nm (Shimadzu SPD M20A, 190–
800 nm) according to published methods (Setiyono et al., 2019a).

2.5.3. Attenuated total reflection - fourier transform infrared
spectroscopy (ATR-FTIR) analysis

Carotenoids were also identified using Agilent Cary 630 FTIR
spectroscopymodel no. G8043AA, equipped with the ATR platinum
diamond sampling stage module ZnSe. The spectra were recorded
in the 600–4,000 cm�1 range and spectral analysis was done using
the Agilent MicroLab Expert software.

2.6. Determination of antioxidant activity with the DPPH (1,1-diphenyl-
2-picrylhydrazyl) method

The extract was dissolved in methanol and serially diluted.
Methanol was used as the blank solution, while the sample solu-
tion consisted of 4 mL DPPH plus 1 mL extract. The blank and sam-
ples were incubated for 30 min in the dark and the absorbance was
measured at 517 nm using a single UV–visible spectrophotometer
3

Shimadzu 1240 to calculate the antioxidant activity (Mukherjee
et al., 2017) as follows:

%Inhibitory ¼ DPPH½ �0 � DPPH½ �s
DPPH½ �0

X100%

where DPPH½ �0 = Initial DPPH concentration and DPPH½ �s = Final DPPH
concentration remaining.

2.7. Determination of the sun protection factor (SPF)

Sun protection was assessed in vitro with a UV–Vis spectropho-
tometer at 290–320 nm. The average absorption was set at 5 nm
intervals and the carotenoids extract was used at the IC50 for
antioxidant activity. The SPF value was calculated using the Man-
syur equation (Gonzalez et al., 2007; Liandhajani et al., 2013;
Pelizzo et al., 2012) and categorized according to Table 1:

SPF ¼ CF �
X320

290

EEðkÞ � IðkÞ � absðkÞ

where CF = correction factor, EE = Spectrum of erythema effect,
I = spectrum of the sun’s intensity, and Abs = Absorbance of the
sample. The value of EE (k) � I (k) is constant, as shown in Table 2.

2.8. Determination of % transmission of erythema and pigmentation

The % transmission of erythema was determined by the absorp-
tion of the carotenoids extract at 292–372 nm every 5 nm
(Abdassah et al., 2015a). The transmission (T) was calculated with
the absorption value (A) using the formula:

A = - log T

While the transmission of erythema (Te) was calculated using
the formula:

Te = T � Fe

where Fe is the erythema flux value at 290–320 nm (Table 3).
The value of flux erythema was used to calculate the sunscreen

effect (Ee) using the formula:

Ee = (T � Fe)

While the erythema transmission % is calculated using the
formula:

% transmissionof erythema ðTeÞ ¼ EeP
Fe

¼
PðT � FeÞP

Fe

To calculate the % transmission of pigmentation (Tp), the flux of
pigmentation (Fp) was determined based on the absorbance mea-
sured in the 320–375 nm range (Table 3) (Barel et al., 2001). The
transmission of pigmentation (Tp) was calculated using the follow-
ing formula:

Tp = T � Fp

While the pigmentation transmission (% Tp) was calculated
using the formula:



Table 2
The normalized product function used in the calcu-
lation of sun protection factor (SPF).

Wavelength (k nm) EE � I (Normalized)

290 0.0150
295 0.0817
300 0.2874
305 0.3278
310 0.1864
315 0.0839
320 0.0180
Total 1

Table 3
The flux erythema (Fe) and pigmentation on sunscreen.

Wavelength (k nm) Flux of erythema (Fe) Flux of pigmentation (Fp)

290 – 295 0.1105 –
295 – 300 0.6720 –
300 – 305 1.0000 –
305 – 310 0.2008 –
310 – 315 0.1364 –
315 – 320 0.1125 –
320 – 325 – 0.1079
325 – 330 – 0.1020
330 – 335 – 0.0936
335 – 340 – 0.0798
340 – 345 – 0.0669
345 – 350 – 0.0570
350 – 355 – 0.0488
355 – 360 – 0.0456
360 – 365 – 0.0356
365 – 370 – 0.0310
370 – 375 – 0.0260
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% transmisionof pigmentation ðTpÞ ¼ EpP
Fp

¼
PðT � FpÞP

Fp

The flux erythema and pigmentation at various wavelengths are
presented in Table 3 and the sunscreen category based on %Te and
Tp is determined according to Table 4.
2.9. Determination of antibacterial activity

2.9.1. Bacterial strains and culture conditions
Escherichia coli and Staphylococcus aureus were obtained as clin-

ical isolates from the Department of Microbiology, Faculty of Med-
icine, Diponegoro University, and subjected to the antimicrobial
susceptibility test (AST) according to the recommended method
from Clinical and Laboratory Standard Institute (CLSI). E. coli was
confirmed resistant to ampicillin, amoxicillin-clavulanic acid, cef-
triaxone, and intermediate resistant to cefotaxime. Whereas S. aur-
eus was resistant to cefoxitin, thus categorized as methicillin
resistant-Staphylococcus aureus (MRSA). Each strain was then cul-
tured to a density of 0.5 McFarland, which is equal to 1 � 108

colony-forming units per milliliter (CFU/mL) and diluted (1: 100)
to provide a final concentration of 1 � 106 CFU/mL for further
analysis.
Table 4
The category of sunscreen activity.

Category Transmitted UV light range (%)

% erythema % pigmentation

Sunblock
Extra protection
Suntan
Tanning

<1
1–6
6–12
10–18

3–40
42–86
45–86
45–86
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2.9.2. Antibacterial test
The antibacterial activity was assessed based on the previous

agar diffusion method (Murti and Radjasa, 2012; Radjasa et al.,
2007). A dilution series of the carotenoids extract (4%, 6%, and 8%
m/v) was prepared and plated onto Manitol Salt Agar (MSA; Hime-
dia, India) or Eosyn Methylene Blue (EMB; Himedia, India) contain-
ing 1 � 106 CFU/mL bacteria suspension on the surface of the plate.
The MSA ingredients consisted of meat extract, peptone, NaCl, phe-
nol red, mannitol, and agar. While the ingredients of EMB consisted
of gelatin pancreas, eosin, methylene blue, lactose, and dipotas-
sium phosphate. MSA and EMB media were prepared according
to the manufacturer’s procedures. Ciprofloxacin 0.05% (b/v) served
as the positive control. The microbial plate was then incubated at
37 �C for 24 h and the growth inhibition zones were measured.

2.10. Statistical analysis

The statistical analyses for the carotenoid bacterial content and
carotenoids characterization were performed according to a previ-
ous study (Setiyono et al., 2019a). Three replicates for each assay
were performed. The IC50 value was determined using a dose–re-
sponse curve. The variance and significance analyses were calcu-
lated using the Tukey test with a significant difference of p < 0.05.
3. Results

3.1. Bacterial symbiont isolation and characterization

Sinularia sp. was collected from Panjang Island, Jepara Regency,
Central Java, Indonesia (Fig. 1-2). Six bacterial isolates were
obtained (Table 5) and four isolates contained carotenoids as indi-
cated by the yellow/orange color (Fig. 3). These bacteria were then
used for further analysis.

Among the four carotenoids-producing bacteria (Fig. 3), we
selected 19. PP.Sc.13 based on the high intensity of their yellow/or-
ange pigment, indicating a high content of carotenoids. The charac-
terization of bacteria was then performed at the molecular level
using the amplification of DNA barcode loci, 16S rRNA. Sequence
analysis of this loci revealed 100% homologous to Virgibacillus sp.
strain CARE V34. The sequence was deposited into GenBank under
accession number MN880491.1. The phylogenetic tree was con-
structed using MEGA version 7.0 (Molecular Evolutionary Genetics
Analysis) software to confirm the BLAST results and characterize
the relationship between related species based on the inter-
molecular characteristics (Felix et al., 2011). Fig. 4 shows sample
1–3, corresponding to bacteria 19. PP.Sc.13, with a close relation-
ship with other bacteria in the genus Virgibacillus.

3.2. Carotenoids bacterial content and characterization

The carotenoid content of the four isolated bacteria (19. PP.
Sc.13 – 19. PP.Sc.16) were determined individually, where 19. PP.
Sc.13 exhibited the highest carotenoid content (Fig. 5). The spec-
trum of the carotenoids extract from the 19.PP.Sc.13 bacteria is
presented in Fig. 6, showing two maximum absorptions at
487.90 nm and 458.50 nm, indicative of a carotenoid mixture or
compound (Rodriguez-Amaya and Kimura, 2004). Also, the HPLC
analysis of carotenoids from the bacteria symbiont 19. PP.Sc.13
revealed three peaks at the retention’s times (Rt) of 2.59, 2.75,
and 4.62 with maximum absorbance at k range of 450 – 490 nm,
strongly suggesting the absorbance of carotenoids (Fayez et al.,
2022; Finkel’shtein, 2016; Scott, 2001) (Table 6, Fig. 7). Following
the spectrophotometer and HPLC analyses, the FTIR spectra was
characteristic of carotenoids with benzene absorption at 700 –
750 cm�1, while that at 2800 – 3000 cm�1 corresponds to C–H



Table 5
Bacterial isolates from Sinularia sp. 19.PP.Sc.1.

Number Color Colony size (cm) Form Edge Elevation

1 Light brown 1.81 Round Wavy Big
2 Cloudy white 2.56 Round Stringy Big
3 Yellow 0.15 Round Fine Convex
4 Yellow 0.25 Round Fine Convex
5 Yellow 0.05 Round Fine Convex
6 Yellow 0.10 Round Fine Big

Fig. 3. Carotenoids producing bacteria (a) 19. PP.Sc.13, (b) 19.PP.Sc.14, (c) 19.PP.Sc.15, and (d) 19 PP.Sc.16.

Fig. 4. Bacterial phylogenetic tree of 19. PP.Sc.13.

Fig. 5. Total carotenoids content of 19.PP.Sc.13–19.PP.Sc.16.
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stretching vibration (Lóránd et al., 2002). The stretching vibration
of some functional groups such as CH3, CH2, C = C, C = O, and OH
was detected. Strong intensity spectrums at 1267 cm�1 were
detected as stretching vibration of C – H and at 1457 cm�1, while
5

the stretching vibration of C = O was found at 1733 cm�1 (Fig. 8,
Table 7). The spectra profile was different from that of the carote-
noids isolated from Virgibacillus halodenitrificans from Wadi El-
Natrun Salt Lakes (Fayez et al., 2022).
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Fig. 6. The spectrum of carotenoids from the bacteria symbiont 19.PP.Sc.13.

Table 6
Carotenoids identification of bacterial symbionts of 19.PP.Sc.13.

Sample tR Component kmaks Reference

19.PP.Sc.13 2.59 Unidentified (4 2 6) 458 487 Setiyono (2019)
2.75 Unidentified (4 2 4) 448 473
4.62 Unidentified 465
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3.3. Antioxidant activity

Carotenoids are well-known natural products with antioxidant
activity. Total carotenoids extracted from 19.PP.Sc.13 had an IC50

of 506 ppm to inhibit free radicals DPPH, which was not signifi-
cantly different from the b-carotene standard (IC50 510 ppm)
(Fig. 9).
3.4. Sun protection activity of the carotenoids extract

The assessment of the sun protection activity of the carotenoids
extract based on the IC50 concentration (506 ppm) and three indi-
cator parameters included the Sun Protection Factor (SPF), % Trans-
mission of erythema (Te), and % Transmission of pigmentation
(Tp). Based on standard parameter criteria, carotenoids extracted
from the bacterial symbiont were categorized as SPF with extra
protection, indicating the UVA sunblock category (Table 8) (Abdas-
sah et al., 2015b).
3.5. Antibacterial activity of the carotenoids extract

The antibacterial activity of the carotenoids extracted was
tested against MRSA and Multidrug-resistant (MDR) E. coli. Based
on the inhibition zone diameter, the carotenoids extract showed
a greater inhibitory effect against MRSA than MDR E. coli (Table 9,
Fig. 10). A greater concentration of the carotenoids extract exerted
6

greater inhibition zone against the pathogenic bacteria in a dose-
dependent manner.
4. Discussion

Sinularia sp. is distributed across the central Indo-Pacific, Wes-
tern Australia, and the Red Sea (Van Ofwegen, 2000b; van Ofwegen
et al., 2013). Among well-studied secondary metabolites of the
genus Sinularia is the class of terpenoids and its derivatives (Hsu
et al., 2018; Kamel and Slattery, 2008a; Rodrigues et al., 2019),
norterpenoids, and steroids/steroidal glycosides among others
(Yan et al., 2021a). Some terpenoids and their derivatives exhibit
biological activities and potency for drug development (Kamel
and Slattery, 2008b; R Steven et al., 2022; Yan et al., 2021b),
including antimicrobial activities (Aceret et al., 1998).

Besides the biological activity of the sponge itself, bacterial
symbionts associated with the sponge are of interest as they share
similar secondary metabolites, and consequently the biological
activity ruled by those active compounds. In the current study,
we identified the bacterial symbiont associated with Sinularia sp.
as Virgibacillus sp., a Gram-positive bacterium that belongs to the
Family Bacillaceae, known as anaerobic with chains and small
cream/yellowish-white colonies on Tryptic Soy Agar media
(Heyndrickx et al., 1998). This genus has been reported in hard cor-
als (Ayuningrum et al., 2020), marine sediments (Xu et al., 2018),
surface seawater (Peng et al., 2009), as well as in the deep-sea
(Chang et al., 2021). Virgibacillus sp. was also associated with the

http://19.PP.Sc


Fig. 7. HPLC profile of carotenoids from the bacteria symbiont 19.PP.Sc.13.

Fig. 8. ATR-FTIR spectrum of carotenoids extracts from bacterial symbiont 19.PP.Sc.1.3.
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sponge Callyspongia diffusa and exhibited free radicals scavenging
activity in vitro attributed to the presence of alkaloids, terpenoids,
reducing sugars, and anthraquinones (Arunachalam and Amirtham
Jacob Appadorai, 2013).

Furthermore, the carotenoid content of Virgibacillus sp. has been
recently reported for its biological activities, including antibacte-
rial and antifungal activities (Fayez et al., 2022). The color of this
bacteria represents the content of carotenoids in which several
studies have reported great antioxidant activity, making them lead
compounds for pharmaceutical and nutraceutical sources (Galasso
et al., 2017; Kusmita et al., 2021b; Shindo and Misawa, 2014). The
carotenoids content of Sinularia sp., including their bacterial sym-
biont Virgibacillus sp., has not been comprehensively studied.
7

(Kusmita et al., 2017) reported that the carotenoids extract of the
bacterial symbiont, namely Pseudoalteromonas shioyasakiensis,
Pseudoalteromonas rubra, Virgibacillus salaries, and Pseudoal-
teromonas spongiae, from the soft coral Sarcophyton sp. had the
highest antioxidant activity compared to the carotenoids from
other types of bacterial symbionts. In the current study, the ATR-
FTIR analysis showed the presence of unsaturated moiety of iden-
tified carotenoids extracts, indicating the potential antioxidant
activity (Al-Mamary et al., 2021; Chen et al., 2020; Mezzomo and
Ferreira, 2016; Xavier and Pérez-Gálvez, 2016). The antioxidant
activity of the carotenoids from our extract exhibited comparable
antioxidant activity to standard b-carotene (Fig. 9), in accordance
with the extra UV-light protector activity (Table 8). The ability to

http://19.PP.Sc
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Table 7
ATR-FTIR spectra of carotenoids extracts from bacterial symbiont 19.PP.Sc.1.3.

Peak area (%) Begin [1/cm] End
[1/cm]

Width
[1/cm]

Position (Max) [1/cm] Functional Group

0.9 708 727 19 721 C – H
0.9 727 753 26 732 C – H
2.2 924 1001 76 964 C = C
0.4 1008 1046 37 1040 CO – O – CO
1.5 1053 1088 35 1073 C – O
1.3 1092 1129 37 1120 C – O
4.1 1129 1204 75 1161 C – O

13.2 1213 1327 114 1267 C – O
4.7 1342 1401 60 1377 O – H

14.8 1407 1483 76 1457 C – H
20.5 1690 1787 97 1733 C = O
12.2 2820 2879 60 2853 C – H
21.3 2879 2946 67 2922 C – H
1.9 2946 2978 32 2954 C – H

Fig. 9. Antioxidant activity of the carotenoids extract of the symbiont bacteria 19.PP.Sc.13 and b-carotene as the positive control.

Table 8
The assessment of the sun protection of the 19.PP.Sc.13 carotenoid extract.

Value Category

SPF 6.04 Extra Protection
% Te 33.19 –
% Tp 32.25 UVA Sunblock

Table 9
Inhibition zone diameter representing antibacterial activity of the carotenoids
extracted from the bacterial symbiont 19.PP.Sc.13.

MDR bacteria Concentration of
carotenoid extract (%)

Inhibition zone (mm)

E.coli 4 8,86 ± 0.008
6 9,44 ± 0.01
8 10,90 ± 0.011
Ciprofloxacin 0.05 20.63 ± 0.009

MRSA 4 12.48 ± 0.007
6 13.76 ± 0.009
8 15.69 ± 0.034
Ciprofloxacin 0.05 21.92 ± 0.017
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quench singlet oxygen and free radicals enable carotenoids to act
as photo and UV-light protector from cell and tissue damage
(Zaytseva et al., 2021b).

Besides antioxidants, marine bacteria must compete and sur-
vive in the presence of diverse pathogenic and non-pathogen
organisms as unique antimicrobial substances can be secreted
and utilized as antimicrobial lead compounds. Carotenoids fits in
porins (transmembrane proteins) in the outer membrane of the
bacterial cell wall, forming strong polymer bonds and destroying
the porin, thereby reducing bacterial cell wall permeability and
inhibiting bacterial growth (Evans and Cowan, 2016). Moreover,
the anti-biofilm activity of marine bacterial carotenoids from Vir-
gibacillus halodenitrificans has been reported (Fayez et al., 2022).
The antibacterial activity observed in the current study suggested
that the carotenoids extracted from Virgibacillus sp. may block bac-
terial transmembrane proteins and inhibit the formation of bacte-
rial biofilms, leading to the inhibition of bacterial growth. Although
this study showed potential biological activities of carotenoids
extracted from Virgibacillus associated with Sinularia sp., further
investigation using in vivo models followed by clinical studies is
a prerequisite for translational Pharma Valley of Death and cosme-
tology products, which are usually limited by the conversion from
in vitro models to clinical results (Brunt and Burgess, 2018).
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Fig. 10. Antibacterial activity of the carotenoids extract of bacterial symbiont 19.PP.Sc.13 against (a) MDR E. coli and (b) MRSA.
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5. Conclusion

The carotenoids extracted from the soft coral Sinularia sp. from
Panjang Island, North Java Sea, were identified as the bacterial
symbiont Virgibacillus sp. The carotenoids extracted exhibited sig-
nificant antioxidants, sun protection capability, and growth inhibi-
tory activities against two strains of MDR bacteria. This study
provides empirical evidence of the carotenoids produced by mar-
ine bacteria from tropical regions. Further investigation into meth-
ods of culturing the host organism and associated bacteria to
mimic their natural habitat as well as developing de novo biological
fabrication of bacterial carotenoids is warranted.
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