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Abstract 

Mangrove forests are home to a diverse microbial population, which includes species that can 
convert organic waste from the mangrove forest into useful nutrients, thereby supporting the 
sustainability of the ecosystem. One such species is the marine yeast Rhodotorula sp. This yeast 
not only plays an important ecological role but also has tremendous biotechnological potential. It 
can be used to produce lipid omega-3, carotenoids, anti-bacterial agents, plant growth promoters, 

anti-cancer drugs, biosurfactants, and other high-value strategic products. Despite having the 
largest mangrove forest in the world, Indonesia has not yet fully exploited the biotechnological 
potential of marine yeast Rhodotorula sp. isolated from its mangrove forests. To address this, a 
study is being conducted to isolate the marine yeast Rhodotorula sp. from the mangrove forest of 
Pari island, Jakarta, and to review its ecological role and biotechnological potential. The ultimate 
goal of this study is to cultivate and utilize the marine yeast Rhodotorula sp. for its 
biotechnological potential in the future. 
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INTRODUCTION 

 
Yeast strains are in high demand by the biotechnology industry globally (Li et al., 

2022). One of the oleaginous yeasts that is known for its ability to produce valuable 

metabolites such as lipids, enzymes, and carotenoids is Rhodotorula sp. (Park et al., 

2018; Elfeky et al., 2020; Li et al., 2022). This yeast is a unicellular fungus that is 

commonly found in the open sea as well as in various other environments (Lane et al., 

2023). This particular type of yeast belongs to the kingdom Fungi, phylum 

Basidiomycota, class Microbotryomycetes, and order Sporidiobolales (Kot et al., 2016)  
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. It is known for producing versatile biomass that contains a wide range of metabolites 

that are highly beneficial for the biotech industry (Byrtusová et al., 2021). Some species 

of Rhodotorula sp. are oleaginous yeasts that can accumulate neutral lipids, mostly 

triglycerides (TAG), under certain culture conditions (Maza et al., 2020).  

The Rhodotorula genus is not a single group but rather a collection of species 

with different characteristics. Some of these species, called Rhodotorula, are single-

celled and reproduce by budding or fission. Others, called Rhodosporidium, reproduce 

sexually and alternate between a yeast phase and a filamentous phase. Many of these 

species are known for their ability to produce valuable industrial products such as 

biofuel feedstocks, carotenoids, enzymes, and biosurfactants (Lyman et al., 2019). 

Many potential sources of marine yeast Rhodotorula sp. are found in mangrove 

forest areas, which are used in the nutraceutical, food, fisheries, and bioenergy 

industries (Miranda et al., 2020). Indonesia, being home to the world's largest 

mangrove forests (Giri et al., 2011), should have isolates of marine yeast Rhodotorula 

sp. from mangrove forests for widespread application in the biotechnology industry. 

The purpose of this study was to isolate the marine yeast Rhodotorula sp. from the 

mangrove forests of Pari Island, Jakarta, Indonesia, and analyze its potential for 

biotechnology. The isolate Rhodotorula sp. obtained will be preserved in a culture 

collection for future exploration of its biotechnological potential. 

  

METHODS  

Time and Location of Research 

The research was conducted between June and September 2022 in the 

mangrove forest area of Pari Island, Jakarta, as well as in the Biology Education 

laboratory of the Faculty of Teacher Training and Education at Muhammadiyah 

University, Prof. Dr. Hamka (UHAMKA) Jakarta. The study involved isolating 

marine yeast Rhodotorula sp. from orange-colored mangrove leaves that had settled at 

the bottom of the mangrove waters. 

 

Tools and Materials 

The tools required consist of plastic clips measuring 10x15 cm, Laminar Air 

Flow Cabinet, UV lamp, orbital shaker (DLAB), petri dish, tube needle, Bunsen, 

Erlenmeyer flask, autoclave, light microscope (Olympus BX43), USB microscope 

camera, and software (AmScope). The materials used consist of sea water, 

bacteriological agar (Oxoid), glucose (Himedia), yeast extract (Himedia), distilled 

water, Reef Salt (Aquaforest), aluminum foil, cotton gauze, cryovial (Corning) 

glycerol (Merck), and parafilm (M).  

 

Sampling and Direct Plating  

In this research, samples of mangrove leaves that were submerged on the forest 

floor of Pari Island were collected. Only the leaves that were soft in texture and had an 

orange color were taken for further analysis. The yeast Rhodotorula sp. was isolated 

using the direct plating method, which was previously used by Hutari et al., (2022). 
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Microscopic Observation 

Pure isolate of Rhodotorula sp. observed with a light microscope (Olympus 

BX43) and images taken using software (AmScope) after 2 days of direct plating. 
 

Identification of Rhodotorula sp. 

 To confirm that the obtained pure isolate belonged to the Rhodotorula genus, 

morphological identification was performed using the method described by Indratmi 
(2012). 
 

Short-term cultivation and easy maintenance of Rhodotorula sp. 

 A pure isolate of Rhodotorula sp. PP17 was successfully obtained and cultured 

in a 250 mL Erlenmeyer flask using AYA broth medium, as described by Hutari et al., 

(2022). The culture was grown for 2 days at room temperature with an agitation speed 
of 200 rpm. After that, a master cell bank was established. A total of 1.2 mL of 
Rhodotorula sp. culture was mixed with 300 µL of  glycerol (Merck) and stored at -20°C 

or lower in a 2 mL sterile cryovial (Corning).   
 

Analyze the Role of Ecology and the Potential of Biotechnology 

 Analysis of the ecological role and biotechnological potential of Rhodotorula 

sp. carried out through a review of the latest relevant publications.  

 

RESULTS AND DISCUSSION 

A total of 3 pure isolates of Rhodotorula sp. obtained from 20 mangrove leaves 

planted directly onto AYA agar (Figure 1a), namely PP16, PP17, and PP18. Next, 

PP17 isolate was used for short cultivation to obtain biomass for 2 days of cultivation 

and also to preserve it in the form of cryopreservation using 20% glycerol. Pure isolate 

of Rhodotorula sp. PP17 was then grown in AYA agar medium (Figure 1b) and in a 

250 ml Erlenmeyer containing 100 ml AYA broth (Figure 2a). Micrograph of 

Rhodotorula sp. PP17 was documented using an Olympus BX43 microscope at 1000x 

magnification (Figure 2b). 

Rhodotorula sp. PP17, which had been stored in a cryovial at -20°C, was 

successfully grown again even after being stored for 12 months. This remarkable 

adaptation is noteworthy, given that cryopreservation is typically carried out at -80°C. 

The ability of this species to regrow after being stored at non-ideal temperatures makes 

it a promising candidate for use as a workhorse in biotechnological applications that 

are becoming increasingly widespread (Park et al., 2018). Generally, other microbes 

that are stored at -20ºC, such as the microalgae Aurantiochytrium sp. (although data 

was not shown), are unable to regrow after being stored at that temperature for one 

month.  
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   (a)                         (b) 

Figure 1. Mangrove leaves planted directly onto agar medium (a); pure isolate of 
Rhodotorula sp. PP17 growing on AYA agar medium (b). 

 

  
(a) (b) 

Figure 2. Culture of Rhodotorula sp. PP17 in AYA broth medium (a); Micrograph of 

Rhodotorula sp. PP17 with 1000x magnification (b) 
 

The species plays an important ecological role as a decomposer, breaking down 

organic waste in mangrove forests into simpler substances that benefit other species in 

the ecosystem (Miranda et al., 2020). Recently, Bogusławska-Wąs et al. (2019) found 

that Rhodotorula species naturally form symbiotic relationships with various marine 

fish by colonizing their digestive tracts. The Rhodotorula species exhibit a specific trait 

of biosynthesizing β-carotene, torulene, torularhodin, and exopolysaccharide (EPS) 

under fish digestive tract conditions. The interaction of Rhodotorula species with fish 

was concluded as a symbiotic relationship mechanism based on stimulation of 

nonspecific fish immunoprotection mechanisms and the yeast's antioxidant properties. 

 The genus Rhodotorula is known for its biotechnological potential, particularly 

as a carotenogenic yeast that can produce carotenoids (Byrtusová et al., 2021; Elfeky et 

al., 2020; Yoo et al., 2016; Sharma & Ghoshal, 2020) such as beta-carotene, torulene, 

and torularhodin. This yeast can also produce a range of valuable metabolites, 

including pigments, ergosterol, lipids, and polysaccharides (Byrtusová et al., 2021).  

Besides, Rhodotorula yeast is capable of producing isobutene (Fujii et al., 1987), anti-

bacterial pathogens (Hartati et al., 2017; Vidya et al., 2022), valuable enzymes (Kot et 
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al., 2016); Zhang et al., 2019;  Li, et al., 2022; Maza et al., 2020), bio-emulsifier (Oloke 

& Glick, 2005), plant growth promoters (Hartati et al., 2019), omega-3 fatty acids 

(Pino-Maureira et al., 2021), exopolysaccharides (Silambarasan et al., 2019), as well as 

biosurfactants (Gharaghani et al., 2019).  

The carotenoids produced by Rhodotorula yeast are increasingly being utilized 

as a replacement for synthetic carotenoids as supplements in poultry feed to increase 

poultry productivity (Grigore et al., 2023). However, we must be aware of potential 

diseases that may be caused by the genus Rhodotorula sp. (Wirth & Goldani, 2012).   

 

CONCLUSION 

 

The Rhodotorula sp. species can be found in Indonesian mangrove forests. It 

has huge potential and can be utilized as raw material in the strategic biotechnology 

industry. The Rhodotorula sp. PP17 species from the Pari Island mangrove forest has 

the ability to withstand cryopreservation storage at -20ºC for at least 12 months, and 

possibly longer. To confirm its relationship to other Rhodotorula species, molecular 

identification is necessary. Additionally, analysis of the multifunctional metabolites 

produced by this species needs to be conducted before exploring it extensively in the 

livestock, food, cosmetics, and pharmaceutical industries.  

  

ACKNOWLEDGEMENTS 
 
We would like to express our thanks to the Research and Development 

Institute (Lemlitbang) Muhammadiyah University of Prof. Dr. Hamka (UHAMKA) 

which has funded this research.  

 

REFERENCES 

 

Boguslawska-Was, E., Dłubaa, A., & Laskowska, M. (2019). The role of Rhodotorula 

mucilaginosa in selected biological process of wild fish. Fish Physiology and 

Biochemistry, 45(2), 511–521. https://doi.org/10.1007/s10695-018-0591-0 

Byrtusová, D., Szotkowski, M., Kurowska, K., Shapaval, V., & Márová, I. (2021). 
Rhodotorula kratochvilovae ccy 20‐2‐26—the source of multifunctional 
metabolites. Microorganisms, 9(6), 1–18. 

https://doi.org/10.3390/microorganisms9061280 

Elfeky, N., Elmahmoudy, M., & Bao, Y. (2020). Manipulation of culture conditions: 
Tool for correlating/improving lipid and carotenoid production by Rhodotorula 

glutinis. Processes, 8(2). https://doi.org/10.3390/pr8020140 

Fujii, T., Ogawa, T., & Fukuda, H. (1987). Isobutene production by Rhodotorula 

minuta. Applied Microbiology and Biotechnology, (25)430–433. 

https://doi.org/10.1007/BF00253313 

Gharaghani, M., Halvaeezadeh, M., & Mahmoudabadi, A. Z. (2019). Evaluation 
laboratory produced biosurfactant by Rhodotorula species and its antifungal 

activity, (March), 1–6. https://doi.org/10.20944/preprints201903.0113.v1 



Jurnal Pembelajaran Dan Biologi Nukleus                                        p-ISSN: 2442-9481 

Vol 10 (1): 106-112, March 2024                                                           e-ISSN: 2685-7332 

 

 Hutari et al., (2024) Analysis of the Ecological Role and Biotechnology Potential ... | 111 

Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T., … Duke, N. 
(2011). Status and distribution of mangrove forests of the world using earth, 154–
159. https://doi.org/10.1111/j.1466-8238.2010.00584.x 

Grigore, D. M., Ungureanu-Iuga, M., Pogurschi, E. N., & Băbeanu, N. E. (2023). 
Transforming Rhodotorula sp. Biomass to Active Biologic Compounds for 
Poultry Nutrition. Agriculture (Switzerland), 13(6). 

https://doi.org/10.3390/agriculture13061159 

Hartati, S., Tarina, L., Yulia, E., & Djaya, L. (2019). Potency of Rhodotorula minuta as 

Plant Growth Promoter on Red Chili Plant Infected by Colletotrichum acutatum. 

CROPSAVER - Journal of Plant Protection, 2(2), 47. 

https://doi.org/10.24198/cropsaver.v2i2.22542 

Hartati, S., Wiyono, S., Hidayat, S. H., & Sinaga, M. S. (2017). Karakterisasi 
Morfologi dan Pemanfaatan Sumber Karbon oleh Khamir Antagonis Patogen 
Antraknosa. Jurnal Mikologi Indonesia, 1(2), 47. 

https://doi.org/10.46638/jmi.v1i2.19 

Hutari, A., An Nisaa, R., Suhendra, S., Agustin, Y., & Ayunda, K. A. (2022). 
Exploration of High Economic Value Microalgae In The Mangrove Area of Pari 
Island, Seribu Islands, Jakarta. Jurnal Pembelajaran Dan Biologi Nukleus, 8(3), 662–

672. https://doi.org/10.36987/jpbn.v8i3.3096 

Indratmi, D. (2012). Pengembangan Teknologi Produksi Khamir Rhodotorula Sp. 

Sebagai Agensia Pengendali Hayati Penyakit Antraknosa Pada Cabai. Agronomi, 

Fakultas Pertanian Dan Peternakan Universitas Muhammadiyah Malang, 7(2), 14–22. 

Retrieved from 
http://ejournal.umm.ac.id/index.php/gamma/issue/view/238/showToc 

Kot, A. M., Błażejak, S., Kurcz, A., Gientka, I., & Kieliszek, M. (2016). Rhodotorula 

glutinis—potential source of lipids, carotenoids, and enzymes for use in industries. 

Applied Microbiology and Biotechnology, 100(14), 6103–6117. 

https://doi.org/10.1007/s00253-016-7611-8 

Lane, D. M., Valentine, D. L., & Peng, X. (2023). Genomic analysis of the marine 
fungi Rhodotorula sphaerocarpa ETNP2018 reveals adaptation to the open ocean. 

Research Square, 1–14. https://doi.org/10.1186/s12864-023-09791-7 

Li, Z., Li, C., Cheng, P., & Yu, G. (2022). Rhodotorula mucilaginosa—alternative 

sources of natural carotenoids, lipids, and enzymes for industrial use. Heliyon, 

8(11), e11505. https://doi.org/10.1016/j.heliyon.2022.e11505 

Lyman, M., Urbin., S., Strout, C., & Rubinfeld, B. (2019). The Oleaginous Red Yeast 
Rhodotorula/Rhodosporidium: A Factory for Industrial Bioproducts. DOI: 
http://dx.doi.org/10.5772/intechopen.84129 

Maza, D. D., Viñarta, S. C., Su, Y., Guillamón, J. M., & Aybar, M. J. (2020). Growth 
and lipid production of Rhodotorula glutinis R4, in comparison to other oleaginous 

yeasts. Journal of Biotechnology, 310(October 2019), 21–31. 

https://doi.org/10.1016/j.jbiotec.2020.01.012 

Miranda, A. F., Nham Tran, T. L., Abramov, T., Jehalee, F., Miglani, M., Liu, Z., 



Jurnal Pembelajaran Dan Biologi Nukleus                                        p-ISSN: 2442-9481 

Vol 10 (1): 106-112, March 2024                                                           e-ISSN: 2685-7332 

 

 Hutari et al., (2024) Analysis of the Ecological Role and Biotechnology Potential ... | 112 

Rochfort, S., Gupta, A., Cheirsilp, B., Adhikari, B., Puri, M., & Mouradov, A. 
(2020). Marine Protists and Rhodotorula Yeast as Bio-Convertors of Marine 

Waste into Nutrient-Rich Deposits for Mangrove Ecosystems. Protist, 171(3), 

125738. https://doi.org/10.1016/j.protis.2020.125738 

Oloke, J. K., & Glick, B. R. (2005). Production of bioemulsifier by an unusual isolate 
of salmon/red melanin containing Rhodotorula glutinis. African Journal of 

Biotechnology, 4(2), 164–171. 

Park, Y. K., Nicaud, J. M., & Ledesma-Amaro, R. (2018). The Engineering Potential 
of Rhodosporidium toruloides as a Workhorse for Biotechnological Applications. 

Trends in Biotechnology, 36(3), 304–317. 

https://doi.org/10.1016/j.tibtech.2017.10.013 

Pino-Maureira, N. L., González-Saldía, R. R., Capdeville, A., & Srain, B. (2021). 
Rhodotorula strains isolated from seawater that can biotransform raw glycerol into 

docosahexaenoic acid (Dha) and carotenoids for animal nutrition. Applied Sciences 

(Switzerland), 11(6). https://doi.org/10.3390/app11062824 

Sharma, R., & Ghoshal, G. (2020). Optimization of carotenoids production by 
Rhodotorula mucilaginosa (MTCC-1403) using agro-industrial waste in bioreactor: 

A statistical approach. Biotechnology Reports (Vol. 25). Elsevier B.V. 

https://doi.org/10.1016/j.btre.2019.e00407 

Silambarasan, S., Logeswari, P., Cornejo, P., & Kannan, V. R. (2019). Evaluation of 
the production of exopolysaccharide by plant growth promoting yeast 
Rhodotorula sp. strain CAH2 under abiotic stress conditions. International Journal 

of Biological Macromolecules, 121, 55–62. 

https://doi.org/10.1016/j.ijbiomac.2018.10.016 

Vidya, P., Kutty, S. N., & Sebastian, C. D. (2022). Extraction, Characterization and 
Antimicrobial Properties of Pigments from Yeast, Rhodotorula mucilaginosa 

Isolated from the Mangrove Sediments of North Kerala, India. Asian Journal of 

Biological and Life Sciences, (January), 559–565. 

https://doi.org/10.5530/ajbls.2021.10.74 

Wirth, F., & Goldani, L. Z. (2012). Epidemiology of Rhodotorula: An emerging 

pathogen. Interdisciplinary Perspectives on Infectious Diseases, 2012. 

https://doi.org/10.1155/2012/465717 

Yoo, A. Y., Alnaeeli, M., & Park, J. K. (2016). Production control and 
characterization of antibacterial carotenoids from the yeast Rhodotorula 

mucilaginosa AY-01. Process Biochemistry, 51(4), 463–473. 

https://doi.org/10.1016/j.procbio.2016.01.008 

Zhang, W., Wu, J., Zhou, Y. J., Liu, H. J., & Zhang, J. A. (2019). Enhanced lipid 
production by Rhodotorula glutinis CGMCC 2.703 using a two-stage pH regulation 

strategy with acetate as the substrate. Energy Science and Engineering, 7(5), 2077–

2085. https://doi.org/10.1002/ese3.413 

  

 



Jurnal Pembelajaran Dan Biologi Nukleus                                        p-ISSN: 2442-9481 

Vol 10 (1): 106-112, March 2024                                                           e-ISSN: 2685-7332 

 

 Hutari et al., (2024) Analysis of the Ecological Role and Biotechnology Potential ... | 113 

 

 

 

 

 

 

How To Cite This Article, with APA style : 

Hutari A., Anugrah D., Yarza H N., Faruq H., & Ar Rasyid M L.  (2024). Analysis 

of Ecological Role and Biotechnology Potential of Marine Yeast                             

Rhodotorula sp. in Mangrove Forest of Pari Island, Jakarta. Jurnal 

Pembelajaran dan Biologi Nukleus, 10(1), 106-112. 

https://doi.org/10.36987/jpbn.v10i1.5406 


