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ABSTRACT

Oleaginous yeasts produce and store lipids, known as Single Cell Oil (SCO). Within this group, we highlight the productivity of
Rhodotorula glutinis, a yeast capable of adapting to various culture media and cultivation conditions. This SCO can address a
significant problem we are facing: the environmental impact of fuel production using finite natural resources. Therefore, it is
essential to develop and optimize the processes for obtaining SCO, making it increasingly viable both financially and ecologically.
In this context, this biblioghaphy revision presents comparisons between cultives in different substrate sources, demonstrating
that it is possible to reuse waste, thus making the process viable within the concept of upcycling, reducing costs, and becoming
a less environmentally aggressive process.
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1 INTRODUCTION

Oleaginous yeasts produce intracellular lipids, which are referred to as Single Cell Qil (SCO) or microbial oil. Currently,
conventional fuels are causing significant environmental problems due to the use of finite natural resources for their production.
Consequently, there is an increasing search for alternatives to replace products previously derived from these resources.t 2.3
SCO can be used as a substitute.# Additionally, high-value SCO, a lipid intended for noble purposes, can be used in the food,
pharmaceutical, and cosmetics industries, due to its composition, which includes nutrients such as vitamins, polyunsaturated fatty
acids and carotenoids.> ©

Numerous experiments have been conducted to determine, the best media and cultivation conditions. Along with this, it is crucial
to identify the best yeasts for cultives process. An important factor for the viability of using yeasts in SCO production is their ability
to grow over a wide pH range, reducing the impact of the process and facilitating cultivation conditions.”- 8 One of the yeasts if
have a good potential for this process is Rhodotorula glutinis.

For a reliable and visual method of comparison for a bests conditions in cultives, a good option is meta-analysis, a tool that seeks
to integrate the best results obtained under different conditions while addressing the same scientific question.® Rhodotorula glutinis
produces amounts of high-value SCO, which is primarily composed of high levels of fatty acid content of triacylglycerols such as
of oleic, palmitic, and linoleic acids,® giving it potential for industrial-scale use.1° This addresses another challenge faced by
industries, which is the search for low-cost alternatives to manage waste and the high costs associated with these processes.
Depending on the composition of the waste generated by the food and cosmetics industries, this wastes can become an excellent
substrate source for oleaginous yeasts, being essential for cultivation as a carbon source.1.12.13,14

Along with the study of the feasibility of synthetic or waste substrates, it is necessary to pay attention when planning the cultivation,
as the to the production of SCO during cultivation occurs only at high C/N ratios, causing nitrogen to become limited in the medium,
which triggers lipid accumulation.® ¢ It is also important to highlight the high cost of carbon sources from non-waste origins, which
can constitute up to 72% of the total process cost. Therefore, the use of industrial waste, besides being significant considering
the environmental impact of waste treatment and subsequent disposal, offers an economic advantage for the cost and feasibility
of SCO production. Utilizing waste in a system with a biorefinery concept transforms it into a circular economy process.®

This review aimed to elucidate and analyze studies that utilized Rhodotorula glutinis in cultivation using waste as a substrate
source, aiming to fill a gap in the literature.

2 MATERIAL & METHODS

A graph was evaluated through meta-analysis using the software "Excel". For the construction of this graph, the Scopus and Web
of Science databases were used, yielding 107 articles: 56 from Scopus and 51 from Web of Science. The keywords used were:
"Rhodotorula" AND "glutinis” AND "Single" AND "Cell" AND "Oil" AND "Waste". Eight articles were selected for the development
of the meta-analysis graph, considering the substrate source, batch type, and C/N ratio. An additional 11 articles were used to
provide theoretical support for this review.



3 RESULTS & DISCUSSION

Rhodotorula glutinis can grow in a variety of cultures media, using several diferente carbon source (Tablel).

Table 1 Substrate concentration, nitrogen and C/N ratio in Rhodotorula glutinis cultivation.
Substrate concentration  Nitrogen concentration C/N ratio

Substrate source (/L) QL) wiw) Reference

Supplemented Date Syrup 70 1.00 70 3
Residual water from glycerol-

supplemented p(?t;/to 30 5.00 6 !
Sugarcane molasses 80 1.00 80 8
Glucose AR 60 1.00 60 8
Glycerol AR 31 0.30 10 15
Residual glycerol from biodiesel 31 0.30 103 15
Residual glycerol from biodiesel 40 0.35 113 17
Sugarcane molasses 40 0.35 113 17
AWBH - Wheat Bran Hydrolysate 31 0.17 188 18
OMW - Fresh Olive Mill Waste (50%) 24 0.17 145 18
Residual glycerol from biodiesel 30 0.17 132 18

A comparison did with two different types of commercial substrates: PA glucose and commercial glycerol. The residues used most
commonly by researchers were sugarcane molasses and primarily crude glycerol, a byproduct resulting from biodiesel production
via the transesterification route, which can constitute up to 10% of the total volume utilizated in a process of biodiesel obtention.1®

There was a variation in the amount of substrate consumed by the yeasts. This significantly affects the final cell concentration of
the medium, where the highest concentration was achieved with the largest amount of substrate consumed. However, what
determines the final concentration of lipids is not only the nitrogen limitation, but also the availability of abundant substrate in the
medium. For lipid accumulation to occur, the nitrogen concentration must become limited, ceasing cell growth and triggering lipid
accumulation within the cell. This phenomenon results from a mechanism in which the cell shifts from primary metabolism to
secondary metabolism. When this occurs, SCO and carotenoids are produced simultaneously, enhancing the value of the
cultivated product.3: &

Table 1 shows the varying carbon-to-nitrogen ratios. Even with different initial carbon concentrations, experiments with similar
C/N ratios yielded comparable lipid percentages at the end of the cultivation.

Residual water from glycerol-supplemented potato 7 —g— - =
Residual glycerol from biodiesel 18 _g— —@— —®—
OMW - Fresh Olive Mill Waste (50%) 18 .@-=@— o
AWBH - Wheat Bran Hydrolysate 18 _g@— —@— —o-
Supplemented Date Syrup 3 _g8— —o—
Glucose AR 8 _g=8— —&
Sugarcane molasses 8 _@—@— _‘:‘— @ Lipids (% w/w)
Sugarcane molasses 17 —0— ,
Residual glycerol from biodiesel 17 _.__.—_0— —o— @ Cell concentration (g/L)
Residual glycerol from biodiesel 15 —o— O —o— @ Lipids concentration (g/L)
Glycerol AR15 _@— —@— ——
Glucose AR 15 _g@ —@— —&—
Sugarcane Molasses (fed-batch) 6 —o— —o=9—
Residual Glycerol from Biodiesel (fed-batch) 16 —o— —0— I
Residual Glycerol from Biodiesel (single batch) 16 — o~ —O— —o—
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Figure 1 Result of meta-analysis, comparing cell concentration, lipid concentration and percentage of lipids in Rhodotorula glutinis.

Regarding the carbon source and the feeding method of the medium, similar growth was observed in the majority of studies,
according to the amount of substrate available and the cultivation time. As for the method of feeding them medium, the best cell
and lipid concentrations were obtained from fed-batch experiments, where a substrate pulse was added at the moment of nitrogen
limitation, leaving the medium nitrogen-limited and with an excess of carbon for SCO production.

With similar final lipid concentrations (Figure 1), regardless of whether the substrate was sintetic or waste, the potential for
developing industrial-scale processes using waste as a carbon source highlight . There was no significant discrepancy in the
results in cells and lipid concentrations obtained from residual sources that would cause a substantial loss in cultives process
productivity.



4 CONCLUSION

We conclude that R. glutinis is an excellent option for the production of SCO in alternative sources of substrate. Not only does it
exhibit excellent substrate conversion to SCO, but it also adapts to various carbon sources, opening doors for the development
of research, mainly in Brazil, where the agribusiness corresponds to 22.7% of the gross domestic product, and several wastes
are obtained from this activity. This aligns with environmental, social and governance directions, focusing on processes involving
microorganisms while striving to minimize environmental impact as much as possible.
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