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Abstract

Rhodotorula mucilaginosa is a carotenoid-producing yeast with high potential for biotechnological
and industrial applications, particularly in the fields of pharmaceuticals, cosmetics, food additives,
and animal feed, due to the antioxidant, immunomodulatory, and pigment properties of carotenoids.
This yeast species is commonly found in diverse ecosystems, including both aquatic and terrestrial
habitats. It is recognized for its ability to assimilate a wide range of carbon sources, making it an
attractive candidate for cost-effective bioprocesses. Cultivation conditions are known to significantly
influence carotenoid biosynthesis and overall productivity. This study aimed to optimize the
cultivation parameters for carotenoid production by R. mucilaginosa SMY40, a strain isolated from
mangrove sediments in Chonburi province, Thailand. Several factors were systematically varied,
including glucose concentration, nitrogen source, initial pH, and incubation time. The optimal
conditions identified were 15 g/L glucose as the carbon source, ammonium sulfate as the nitrogen
source, an initial pH of 5.0, and incubation under shaking conditions at 150 rpm at room temperature
for 120 hours. Under these optimized conditions, the highest biomass (dry cell weight) and
carotenoid production were 4.26 + 0.03 g/L and 41.98 + 0.93 pug/g wet weight, respectively.
Additionally, glucose consumption reached 13.36 + 0.11 g/L. These results suggest that
R. mucilaginosa SMY40 exhibits strong potential for industrial-scale carotenoid production under
economically viable conditions. The high efficiency of conversion and stability of pigment synthesis
under moderate culture conditions highlight its applicability for future development in microbial

pigment biotechnology.
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Introduction

Carotenoids are pigments found in animals,
plants, and microorganisms, exhibiting a color
range from yellow to red. They are classified
into two major groups: the carotene group, which
includes B—carotene, Ql-carotene, and lycopene,
and the xanthophyll group, which comprises
astaxanthin, B—cryptoxanthin, canthaxanthin,
capsanthin, fucoxanthin, lutein, and zeaxanthin'.
Carotenoids possess antioxidant, anticancer,
and therapeutic properties. Additionally, they
serve as precursors for vitamin A (provitamin A)Z.
Due to these properties, carotenoids are widely
utilized as food colorants and food additives in
various industries, including food production,
medicine, pharmaceuticals, cosmetics, and animal
feed. Consequently, the industrial demand for
carotenoids has significantly increased.

Microorganisms have emerged as an
important alternative source for carotenoid
production, offering advantages such as lower
space requirements for cultivation, scalable
production capacity, rapid biosynthesis within
a limited time frame, and ease of optimizing
culture conditions to maximize yield compared
to plant-derived carotenoids’. Carotenoid-
producing microorganisms include filamentous
fungi, yeasts, certain bacterial species, algae,
and lichens. Some microbial species have

already been commercialized for carotenoid
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production, such as the alga Dunaliella sp. and
the yeasts Phaffia rhodozyma and Rhodotorula
g/ut/n/sZ.

Yeasts are promising microorganisms
for carotenoid production. Carotenogenic
yeasts, capable of synthesizing carotenoids,
belong to various genera, including Rhodotorula,
Sporobolomyces, Rhodosporium, and Cryptococcus.
Among them, Rhodoforula sp. has been
reported to produce B-carotene at levels
reaching up to 70% of the total carotenoid
content’. Gupta et al.” highlighted that
carotenoids such as B—carotene, lycopene,
and astaxanthin derived from yeasts have been
commercialized as dietary supplements.

Rhodotorula mucilaginosa is classified
as a highly carotenoid-producing yeast species,
commonly found in both aquatic and terrestrial
environments. The major carotenoids produced
by R. mucilaginosa include B-carotene,
torulene, and torularhodin®. The composition
and vyield of carotenoids synthesized by R.
mucilaginosa are influenced by environmental
and cultivation conditions’. Rodrigues et al.’
reported that R. mucilaginosa can utilize
diverse carbon sources, including agricultural
and industrial waste such as rice-steaming
wastewater, crude glycerol, sugarcane
molasses, and corn molasses. Understanding

the factors influencing carotenoid biosynthesis
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in R. mucilaginosa is essential for optimizing
large-scale production. Culture conditions such
as carbon source, nitrogen source, pH,
temperature, and oxygen availability significantly
affect both the yield and composition of
carotenoids’. Among these factors, the choice
of carbon source plays a critical role, as it
provides not only energy but also carbon
skeletons for carotenoid synthesisg. Similarly,
the nitrogen source influences primary
metabolism and can act as a regulatory factor
for secondary metabolite production. Inorganic
nitrogen sources such as ammonium sulfate
have been reported to support higher
carotenoid yields compared to organic
sources, likely due to their influence on
intracellular C:N balance and the regulation of
biosynthetic gene expression'®. The initial pH
of the culture medium also modulates enzyme
activity and membrane transport systems. R.
mucilaginosa  typically  exhibits  optimal
carotenoid production under mildly acidic
conditions, particularly at pH 5.0, which
supports favorable redox balance and precursor
availability”. Furthermore, temperature and
oxygen availability are essential for maintaining
cellular respiration and redox balance.
Carotenoid  biosynthesis is an oxygen-
dependent process that involves several

oxidative enzymes; thus, aerobic conditions
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are critical. Agitation and sufficient aeration
enhance oxygen transfer and improve
carotenoid yieldsm. Several studies have
reported optimal conditions for carotenoid
production by Rhodotorula mucilaginosa. For
instance, Sharma and Ghoshal'® demonstrated
that R. mucilaginosa (MTCC-1403) possesses
high carotenoid-producing potential when
cultivated on agro-industrial waste substrates
such as onion peels, potato peels, green gram
husks, and pea pods. The optimal cultivation
conditions for growth and carotenoid synthesis
were determined to be at pH 6.1, a temperature
of 25.8 °C, and an agitation speed of 119.6
rom. Similarly, Rodriguez et al." identified that
the highest carotenoid production by
R. mucilaginosa was achieved when cultured
on artichoke agro-industrial waste at pH 5.0,
30 °C, 120 rpm, and an incubation time of
72 hours. In another study, Elasanhoty et al.”
reported that R. mucilaginosa exhibited
efficient growth and carotenoid production
when cultivated in a synthetic medium
containing glucose as the carbon source and
peptone as the nitrogen source, under
conditions of pH 6.0 and a temperature of
28 °C. Therefore, the findings from this study
can be applied to the design of industrial-scale
carotenoid production processes and may

contribute to the development of environmentally
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friendly bioprocesses using low-cost alternative
raw materials, such as agricultural waste. This
approach could help reduce production costs
and enhance the competitiveness of bio-based
carotenoids in the global market. Given the
potential of R. mucilaginosa as a carotenoid
producer, this study aimed to determine
the optimal cultivation conditions for R.
mucilaginosa isolated from mangrove sediment
in Chonburi province, Thailand. This particular
isolate was selected for investigation because
it was previously obtained from sediment
samples and preserved in the laboratory
culture collection. Preliminary studies indicated
that this strain exhibits notable potential for lipid
accumulation, suggesting its applicability for
carotenoid and bio-based compound production
under optimized cultivation conditions.
The results obtained from this research will
serve as a fundamental basis for the
development of alternative yeast-derived
carotenoid production and the industrial-scale

application of R. mucilaginosa in carotenoid

biosynthesis.

Methods

1. Yeast and starter preparation

The vyeast Rhodotorula mucilaginosa
SMY40 was isolated from mangrove sediment

collected in Bang Sai subdistrict, Mueang
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Chonburi district, Chonburi province, Thailand.
The isolate was maintained on slant YPD (Yeast
extract-Peptone-Dextrose) agar at 4 °C.
A single loopful of the yeast colony was
inoculated into 50 mL of liquid YPD medium
contained in a 250-mL Erlenmeyer flask and
incubated at room temperature (approximately
28-30 °C) for 48 hours in a rotary shaker at
150 rpm .

2. Optimization of growth and carotenoid
production

A 5-mL aliquot of the seed culture (10%
v/v) was inoculated into 45 mL of production
medium in a 250-mL Erlenmeyer flask. The
medium contained the following components
(per liter): glucose, 15 g; yeast extract, 2 g;
malt extract, 1 g; ammonium sulfate [(NH,),SO,],
1g; potassium phosphate (KH,PO,), 1g; and
magnesium sulfate heptahydrate (MgSO,7H,0),
0.25 gz. Subsequently, the carbon source was
varied by replacing glucose with sucrose and
xylose, and the concentration of each carbon
source was adjusted to five levels: 10, 15, 20,
25, and 30 g/L. The nitrogen source was also
modified by replacing ammonium sulfate with
alternative  nitrogen  sources  including
ammonium chloride (NH,CI), urea (CH,N,O),
and potassium nitrate (KNO,). The initial pH of
the medium was adjusted to 3.0, 5.0, 7.0, and

9.0. Additionally, the cultivation time was varied
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at 96, 120, 144, and 168 hours. Cultivation was
conducted under agitation at 150 rpm at room
temperature. Yeast growth was monitored
every 24 hours by measuring the optical
density at 600 nm (OD,,,). The residual sugar
concentration was analyzed, and the cells were
harvested to determine dry biomass and

carotenoid content produced by the yeast. The

Y)OS

X.
5

YP/X
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conversion factors determined as the amount
of biomass produced per unit weight of
substrate consumed (Y,,), the amount of
carotenoids produced per unit of dry weight of
cells (Y,,), and the amount of carotenoids
produced per unit weight of substrate
consumed (Y,s), were calculated using the

following equations:

p
E; Yes

U |

where: Y = conversion factor; X = biomass (g/L); S = substrate (glucose)(g/L); P = product

(carotenoid)(ug/g).

3. Analysis

The supernatant obtained after yeast
cell separation was analyzed for residual
sugar content using the 3,5-dinitrosalicylic
acid (DNS) method'’. The absorbance was
measured at a wavelength of 540 nm (OD,, )
(U-2900, Hitachi) and the residual reducing
sugar concentration was calculated by
comparing the absorbance values to a standard
glucose calibration curve'®. A 10-mL aliquot of
yeast cell suspension was centrifuged
(Centrifuge 5804 R, Eppendorf) at 6,000 rpm
for 20 minutes at 4 °C. The resulting cell pellet
was washed three times with sterile distilled

water. The washed cell pellet was resuspended

in sterile distilled water and transferred to a pre-
weighed evaporation dish. The dish was dried
(UNE — Memmert) at 80 °C until a constant
weight was achieved. The dry weight of the
yeast biomass was recorded and used to
calculate the dry biomass yield18. A 30-mL
sample of vyeast cell suspension was
centrifuged at 6,000 rom for 20 minutes at
4 °C. The supernatant was discarded, and the
cell pellet was washed three times with sterile
distilled water. The wet weight of the yeast cell
pellet was recorded prior to carotenoid
extraction. Carotenoids were extracted using
a slightly modified method of Passorn et al."

The extraction was carried out by mixing

PBRU Science Journal
Volume 22 Number 2 July-December 2025

PBRU SCIENCE JOURNAL 17



(Vortex Mixer Gienie, Scientific Industries) the
cell pellet with a solution consisting of
petroleum ether, 1 M sodium chloride, and
acetone in a 1:1:1 (v/v/v) ratio in an amber
bottle. Cell disruption was performed using a
sonicator bath (Elmasnic S60/H, Elma)
operating at 50/60 Hz for 30 minutes. The
mixture was subsequently centrifuged at

4,000 rpm for 5 minutes. The upper orange-

Carotenoid (ug/g) =
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colored layer (petroleum ether phase) was
collected, and its absorbance was measured
at 474 nm. Carotenoid content was quantified
using an extinction coefficient (E,%/1 cm) of
2,100, corresponding to astaxanthin in
petroleum ether at a concentration of
1% (w/v). The results were recorded and used
to calculate the total carotenoid content as

equation;

(Volume of Petroleum ether)(A474)(10,000)

All experiments were performed in
three replicates, and all data were analyzed
statistically using the mean, standard deviation
(SD), one-way ANOVA, and Tukey HSD tests

by Minitab for Windows, version 18.

Results and Discussion

1. Optimal carbon sources for growth
and carotenoid production of R. mucilaginosa
SMY40

R. mucilaginosa SMY40 exhibited the
highest biomass production and carotenoid
accumulation when cultivated with glucose as
the sole carbon source (Table 1). The biomass
yield and carotenoid content obtained were
4.21 +0.12 g/L and 40.24 + 0.81 pg/g wet weight,

respectively. These values were significantly

(2100)(dry biomass)

higher (P < 0.05) than those obtained with
maltose (2.87 +0.15 g/L; 28.13 +0.78 ug/g
wet weight) and xylose (1.39 + 0.13 g/L;
11.48 £ 0.96 uyg/g wet weight). Glucose
consumption was also the highest at
13.33+0.26 g/L, followed by maltose
(9.52 + 0.56 g/L) and xylose (5.12 + 0.69 g/L).
Regarding conversion efficiencies, the
maximum biomass yield per gram of sugar
consumed (Y,,) was observed in the glucose-
treated group (0.32 g/g sugar), while maltose
and xylose yielded 0.30 and 0.27 g/g sugar,
respectively. Similarly, glucose supported the
highest carotenoid yield per biomass (Y,,)
and per sugar consumed (Y,), with values of
9.56 pg/g biomass and 3.02 pg/g sugar,

respectively.
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Table 1. Biomass yield, carotenoid production, sugar consumption and effect of medium composition

on the conversion factors (Y, Yy, and Y,), biomass and carotenoids productivities of R.

mucilagonosa SM40 cultivated with different carbon sources.

Carbon Biomass Carotenoid Sugar Yys Yex Yess

source (g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
weight) (g/L) biomass)

Glucose 421+0.12° 40.24 +0.81° 13.33 + 0.26° 0.32 9.56 3.02

Maltose 2.87+0.15° 2813+0.78°  9.52 + 0.56" 0.30 9.80 2.96

Xylose 1.39+0.13°  11.48 + 0.96° 512 + 0.69" 0.27 8.29 2.26

Data presented as mean value + standard deviation (n = 3).

Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’s HSD).

The results clearly demonstrate that
R. mucilaginosa SMY40 responds differentially to
various carbon sources in terms of both

growth performance and carotenoid

biosynthesis. Glucose was the most efficient
carbon source, promoting the highest
biomass and carotenoid production. These
findings are in agreement with previous
studies indicating that glucose is readily
assimilated by yeasts through facilitated

diffusion and is directly channeled into
glycolysis, enabling rapid energy generation
and precursor supply for biomass formation
and secondary metabolite synthesis’ . In
contrast, maltose must first be hydrolyzed by
maltase, metabolic

and xylose requires

conversion via the pentose phosphate
pathway, both of which are relatively less
efficient and energy-intensive processes' °
This may account for the comparatively lower

biomass and pigment production observed

with these carbon sources. The highest
conversion efficiencies (Y, Yoy and Yp)
recorded in the glucose condition reflect
superior metabolic efficiency in converting
available substrate into cellular biomass and
carotenoids. A high Y,s value specifically
suggests that glucose was effectively utilized
for carotenoid biosynthesis, which proceeds
via the mevalonate pathway requiring acetyl-
CoA and NADPH as key intermediates
generated through glycolysis and the pentose
phosphate pathwayw. These results align with
Maldonade et al.” reported enhanced
carotenoid production in Rhodotorula species
grown on simple sugar as glucose. The
findings highlight the potential of R.
mucilaginosa SMY40 for efficient carotenoid
production using glucose-based media, offering
promising implications for biotechnological

and industrial applications.
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2. Optimal carbon source
concentrations for growth and carotenoid
production of R. mucilaginosa SMY40

The influence of varying carbon source
concentrations on biomass production,
carotenoid  production, and conversion
efficiencies by R. mucilaginosa SMY40 is
summarized in Table 2. The results indicate
that increasing carbon concentrations from 10
to 25 g/L led to a corresponding increase in
biomass yield, peaking at 25 g/L with a value
of 4.41 +£0.14 g/L. However, no statistically
significant difference (P > 0.05) was observed
between biomass levels at 15, 20, 25, and
30 g/L concentrations. The highest carotenoid

content was obtained at 15, 20 and 25 g/L,

Uil 22 atuil 2 nangrAu-sunau 2568

with values of 42.51 + 0.46 42.50 + 1.11 and
42.91 £ 1.03 pg/g wet weight, respectively,
which  were not significantly different
(P > 0.05). Sugar consumption increased with
higher initial carbon concentrations, reaching
a maximum of 14.46 £+0.46 g/L at 20 g/L
substrate. However, the biomass yield per
sugar consumed (Y, decreased from
0.39g/g at 10g/L to 0.30 g/g at 30 g/L,
indicating reduced conversion efficiency at
higher substrate concentrations. Similarly, the
carotenoid yield per sugar consumed (Y,)
decreased from 3.88 to 3.01 pg/g sugar,
although the carotenoid yield per biomass
(Y,,) remained relatively stable, with a slightly

increased at 15 g/L glucose as 10.03.

Table 2. Biomass yield, carotenoid production, sugar consumption and effect of medium composition

on the conversion factors (Y, Y., and Y,), biomass and carotenoids productivities of R.

mucilagonosa SM40 cultivated with different carbon source concentrations.

PBRU SCIENCE JOURNAL 20

Carbon Biomass Carotenoid Sugar Yys Yex Yess
source (g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
concentration weight) biomass)

10 3.65+0.11° 36.24 +0.82° 9.35+0.26" 0.39 9.93 3.88

15 424 +0.10% 4251+ 0.46° 13.51 + 0.16° 0.31 10.03 3.15

20 429 +0.14% 4250+ 1.11° 13.90 + 0.15° 0.31 9.91 3.06

25 430 +0.14% 4230 + 1.03° 13.48 + 0.25° 0.32 9.83 3.14

30 4.10+0.06° 40.80 + 0.98" 13.55 + 0.38° 0.30 9.95 3.02

Data presented as mean value + standard deviation (n = 3).
Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’'s HSD).
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The data suggest that moderate carbon
concentrations  enhance  both  biomass
production and carotenoid biosynthesis in R.
mucilaginosa SMY40, with optimal values
observed at 15-25 g/L. At lower concentrations
(10 g/L), limited substrate availability may have
constrained growth and metabolite synthesis,
while excessive sugar levels (30 g/L) appeared
to inhibit growth and reduce conversion
efficiency. While Machado et al. (2019)%
reported the optimum glucose concentration
for carotenoid production by R. mucilaginosa
URM 7409 was 30 g/L. This phenomenon is
commonly attributed to substrate inhibition,
osmotic stress, or repression of metabolic
pathways at high sugar concentrations’ . The
decline in Y,q and Y,q values at elevated
carbon concentrations indicates that not all
available sugar was effectively converted into
biomass or pigments. These findings are
consistent with previous studies that reported
reduced metabolic efficiency in yeast cultures

2122 .
. It is also

under high substrate conditions
plausible that carbon overflow metabolism or
the accumulation of inhibitory by-products may
have played a role, as observed in other
oleaginous and pigment-producing yeasts2 °
Interestingly, the carotenoid content per unit
biomass (Y,,) remained stable across most
concentrations, suggesting that once a
threshold level of biomass is achieved,
carotenoid  biosynthesis proceeds at a

relatively consistent rate, possibly due to
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constitutive or carbon-responsive regulation of
carotenogenic genes2 . This supports the
suitability of glucose concentrations as 15 g/L
for maximizing both pigment yield and process
efficiency.

3. Optimal nitrogen sources on the growth
and carotenoid production of R. mucilaginosa
SMY40

The effect of different nitrogen sources
on biomass yield, carotenoid production, sugar
consumption, and conversion efficiencies of
R. mucilaginosa SMY40 is presented in Table
3. Among the nitrogen sources tested,
(NH,),SO, resulted in the highest biomass
concentration (4.28 +0.13 g/L), followed by
KNO,, urea, and NH,CIl. However, statistical
analysis revealed no significant difference
(P>0.05) between the biomass yields from
(NH,),SO,, KNO,, and wurea. Carotenoid
production was also highest with (NH,),SO,
(42.36 + 0.89 ug/g wet weight), whereas urea
yielded the lowest value (39.75 + 0.90 ug/g wet
weight). The highest carotenoid yield per
biomass (Y,,) was observed in the (NH,),SO,
treatment (9.90 pg/g), while Y, was highest for
NH,Cl as well (3.34 ug/g sugar consumed), despite
its lower sugar consumption (11.68 + 0.63 g/L)
compared to (NH,),SO,. Interestingly, the
sugar-to-biomass conversion efficiency (Y,)
was comparable among all nitrogen sources,
ranging from 0.32 to 0.34 g/g sugar, with
NH,Cl yielding the highest efficiency.

PBRU Science Journal
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Table 3. Biomass yield, carotenoid production, sugar consumption and effect of medium composition
on the conversion factors (Y, Y,y and Y,), biomass and carotenoids productivities of

R. mucilagonosa SM40 cultivated with different nitrogen sources.

Nitrogen Biomass Carotenoid Sugar Yys Yex Yess
source (g/L) (g/g wet consumed (g/g (ug/g (ug/g sugar)
weight) (g/L) sugar) biomass)

(NH,),SO, 4.28+0.13° 42.36 +0.89"  13.35+0.32° 0.32 9.90 3.18
NH,CI 3.96+0.10°  3895+0.76  11.68 +0.63" 0.34 9.84 3.34
KNO, 415+0.08"  41.04+064® 13.08 +0.29° 0.32 9.89 3.14
Urea 4.04+0.05"  39.75+0.90° 12.25+0.30% 0.33 9.83 3.25

Data presented as mean value + standard deviation (n = 3).
Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’s HSD).

The findings indicate that nitrogen metabolic shifts have been observed in

source type significantly influences both Rhodotorula species, where nitrogen limitation
biomass production and carotenoid or specific nitrogen types can trigger
production in R. mucilaginosa SMY40. oxidative stress or alter carbon flux
(NH,),S0, promoted the highest biomass and distribution, thereby enhancing pigment
carotenoid content, consistent with previous production9. The use of KNO, and urea also
studies reporting enhanced growth of supported moderate biomass and carotenoid

oleaginous yeasts when utilizing inorganic production. Nitrate assimilation requires

ammonium salts®”. This is likely due to the
rapid assimilation of ammonium ions via the
glutamine synthetase—glutamate synthase
pathway, supporting both primary metabolism
and secondary metabolite synthesis. Although
NH,CI produced lower biomass compared to
(NH,),S0O,, it exhibited the highest carotenoid
yield per biomass and per sugar consumed,
suggesting an elevated flux towards
carotenoid biosynthesis under this nitrogen

condition. Similar nitrogen-dependent

energy and reductants, which may reduce the
resources available for pigment synthesis.
Meanwhile, urea, despite being a cost-
effective nitrogen source, resulted in the
lowest carotenoid content, possibly due to
delayed urease activity or suboptimal nitrogen
release kinetics™. Overall, the results suggest
that ammonium-based nitrogen sources,
particularly (NH,),SO, and NH,CI, are more
favorable for both biomass growth and

carotenoid production. However, the choice

PBRU Science Journal
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between them should consider the intended
application,  (NH,),SO, for  maximizing
biomass or NH,CI for maximizing pigment yield
efficiency. Based on the findings of this study,
(NH,),SO, was identified as the optimal nitrogen
source and was therefore employed in
subsequent experimental phases to further
enhance carotenoid biosynthesis by R.
mucilaginosa SMY40.

4. Optimal initial pH of the culture medium
on the growth and carotenoid production of R.
mucilaginosa SMY40

The effect of initial pH on the growth,
carotenoid production, sugar utilization, and
conversion efficiencies of R. mucilaginosa
SMY40 is presented in Table 4. Among the
tested pH values, an initial pH of 5.0 supported

7A Uil 22 atuil 2 nangrAu-sunau 2568

Eeg

(428+0.85g/L) and carotenoid content
(42.20 £ 0.19 yg/g wet weight), which were
significantly higher than those obtained at more
acidic (pH 3.0) or more alkaline (pH 7.0 and 9.0)
conditions (P < 0.05). The yeast cultivated at pH
5.0 also exhibited the highest sugar
consumption (13.40 £ 0.42 g/L), while the lowest
sugar consumption and biomass were observed
at pH 9.0 (7.93+0.64 g/L and 2.23+0.24 g/L,
respectively). Although the carotenoid content
(ug/g wet weight) was highest at pH 5.0, the
highest  carotenoid vield per biomass
(Yo =9.86 pg/g) was recorded at pH 5.0,
followed closely by pH 3.0 (9.86 ug/g).
The carotenoid vyield per sugar consumed
(YP/S) was highest at both pH 3.0 and 7.0

(3.38 pg/g sugar), despite their lower absolute

PBRU SCIENCE JOURNAL 23

the highest biomass concentration

carotenoid content.

Table 4. Biomass yield, carotenoid production, sugar consumption and effect of medium composition
on the conversion factors (Y, Ysx and Y,), biomass and carotenoids productivities of R.

mucilagonosa SM40 cultivated with different initial pH of the culture medium.

Initial pH Biomass Carotenoid Sugar Yys Yex Yess
(g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
weight) (g/L) biomass)
pH 3.0 3.92 +0.05° 3836+1.01° 11.33+0.65" 0.37 9.80 3.38
pH 5.0 4.28 +0.85° 42.20 + 0.19° 13.40 + 0.42° 0.32 9.86 3.15
pH 7.0 3.52+0.10° 3537+1.35° 1050+ 041° 0.35 9.76 3.38
pH 9.0 223+0.24° 2037+1.18°  7.93+0.64° 0.28 9.21 2.81

Data presented as mean value + standard deviation (n = 3).
Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’'s HSD).
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The initial pH of the culture medium
exhibited a significant influence on both
biomass yield and carotenoid production by
R. mucilaginosa SMY40. Among the tested
pH values (3.0, 5.0, 7.0, and 9.0), pH 5.0 was
found to be optimal for cell growth and
pigment biosynthesis, yielding the highest
biomass (4.28 + 0.85 g/L) and carotenoid
content (42.20 = 0.19 ug/g wet weight). This
observation is in agreement with previous
studies that demonstrated the favorable
impact of slightly acidic conditions on
carotenoid  biosynthesis in  Rhodotorula
species”™. The efficient sugar utilization at pH
5.0 (13.40 + 0.42 g/L) also suggests that this
condition supports enhanced metabolic
activity and carbon flux toward biomass and
carotenoid biosynthesis pathways. At lower
and neutral pH values (3.0 and 7.0), although
moderate biomass (3.92 + 0.05 and 3.52 +
0.10 g/L, respectively) and carotenoid levels
(38.36 + 1.01 and 35.37 + 1.35 pg/g,
respectively) were observed, these were
significantly lower than those achieved at pH
5.0. Interestingly, pH 3.0 and 7.0 both
resulted in a similar carotenoid yield per gram
of sugar consumed (Y, = 3.38 pg/g sugar),
indicating relatively stable pigment
productivity despite varying growth levels.

These results may reflect cellular mechanisms
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aimed at maintaining carotenoid levels under
moderate stress conditions induced by
suboptimal pH. At alkaline pH (9.0), a marked
decrease in both biomass (2.23 + 0.24 g/L)
and carotenoid production (22.07 + 1.67
Kg/g) was evident, indicating that such basic
conditions likely imposed stress on the cells,
impairing metabolic activity and pigment
biosynthesis. This finding is consistent with
previous reports showing that extreme pH
levels negatively affect membrane integrity
and enzyme function in vyeasts, thereby
reducing growth and metabolite production25.
Overall, the findings from this study reinforce
the importance of pH optimization in
enhancing microbial pigment production. The
results confirm that an initial pH of 5.0
provides the most favorable environment for
R. mucilaginosa SMY40, supporting both
efficient biomass accumulation and
carotenoid biosynthesis. This finding is
consistent with the study by Rodriguez et

14
al.

, who reported that pH 5.0 was optimal for
carotenoid production by R. mucilaginosa
when cultivated on artichoke agro-industrial
waste, serving as a cost-effective carbon
source.

5. Optimal cultivation time on the

growth and carotenoid production  of

R. mucilaginosa SMY40
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The influence of cultivation time on
biomass yield, carotenoid production, sugar
consumption, and associated conversion
efficiencies of R. mucilaginosa SMY40 is
summarized in Table 5. The biomass
concentration reached its peak at 120 hours
of cultivation (4.29 + 0.02 g/L), which was
statistically higher than that observed at 96
hours (3.90 + 0.14 g/L) and comparable to
values obtained at 144 hours (4.22 + 0.12 g/L)
and 168 hours (4.10 = 0.06 g/L). Carotenoid
content also increased with time, reaching a
maximum at 144 hours (42.62 + 0.41 pg/g wet
weight), although this value was not
significantly different from those obtained at
120 hours (42.58 + 0.74 pg/g) and 168 hours
(42.42 £ 0.95 pg/g). The shortest cultivation

period (96 hours) resulted in significantly
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lower carotenoid content (40.02 + 0.51 ug/g;
P < 0.05). Sugar consumption showed a
gradual increase with cultivation time, from
11.98 + 0.80 g/L at 96 hours to
13.57 £ 0.19 g/L at 168 hours. Conversion
efficiency values revealed that the biomass
yield per gram of sugar consumed (Y,,) was
highest and identical at 96 and 120 hours
(0.33 g/g), then slightly decreased at 144
hours (0.32 g/g) and drastically dropped at
168 hours (0.20 g/g). Although the carotenoid
yield per biomass (Y,,) remained relatively
stable across all time points, peaking slightly
at 96 hours (10.38 ug/qg), the carotenoid yield
per sugar consumed (Y ) was also highest at
96 hours (3.39 ug/g), with a gradual decrease

observed in later time points.

Table 5. Biomass yield, carotenoid production, sugar consumption and effect of medium composition

on the conversion factors (Y,,, Y,y and Y,), biomass and carotenoids productivities of

R. mucilagonosa SM40 cultivated with different times.

Time Biomass Carotenoid Yys Yex Yess
(g/L) (g/g wet consumed (g/g sugar) (ug/g (ug/g sugar)
weight) biomass)
9 3.90 +0.14°  40.02+0.51°  11.98 +0.80° 0.33 10.38 3.39
120 4.29 + 0.02° 4258 + 0.74° 13.20 + 0.22° 0.33 9.93 3.23
144 422 +0.12° 42.62 + 0.41° 13.34 + 0.71° 0.32 10.11 3.20
168 4.10 + 0.06™ 42.42 + 0.95° 13.57 + 0.19° 0.20 10.35 3.13

Data presented as mean value + standard deviation (n = 3).

Values followed by the different letters in the same column indicated significant differences (P < 0.05,

Turkey’'s HSD).
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The duration of fermentation plays a
crucial role in determining the balance
between microbial growth, substrate
consumption, and secondary metabolite
accumulation, including carotenoids. The
present findings indicate that R. mucilaginosa
SMY40 achieved maximum biomass and
carotenoid content at approximately 120-144
hours of cultivation, which is consistent with the
typical stationary phase onset reported in other
studies of carotenoid-producing yeastszz. The
significant increase in carotenoid content from
96 to 120 hours suggests active pigment
biosynthesis during the late exponential phase,
which then plateaued through 144 and 168
hours. This stabilization phase is commonly
observed in yeast fermentation systems where
secondary metabolite production continues
even after biomass accumulation slows’.
Interestingly, the highest carotenoid yield per
sugar consumed (Y,s=3.39 ug/g) and per
biomass (Y,,= 10.38 pg/g) were obtained at
96 hours. This suggests that shorter fermentation
periods may favor efficient conversion of
carbon sources into carotenoids, possibly due
to metabolic prioritization toward secondary
metabolism under limited biomass expansion.
However, the total carotenoid productivity was
lower at 96 hours due to reduced biomass

formation, making longer cultivation durations

o o
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more favorable for maximizing volumetric yield.
The drastic decline in Y, to 0.20 g/g at 168
hours indicates a decoupling between sugar
consumption and biomass formation, potentially
due to increased maintenance energy
requirements, nutrient depletion, or cellular
aging, as noted in prolonged yeast cultivations.
Therefore, although extended fermentation
may sustain carotenoid levels, it is not
economically favorable due to reduced
conversion efficiencies™. A cultivation period
between 120 and 144 hours appears optimal
for achieving a balance between biomass
yield, carotenoid concentration, and conversion

. , . 13,14
efficiency of R. mucilaginosa

. Beyond this
period, the benefits in pigment accumulation

diminish, and process efficiency declines.

Conclusions

This study identified the optimal
cultivation conditions for maximizing the
biomass and total carotenoid vyield of R.
mucilaginosa SMY40, a promising carotenoid-
producing yeast. Among the tested
conditions, the highest productivity was
observed when the yeast was cultured in a
synthetic medium containing 15 g/L glucose
as the carbon source and ammonium sulfate
as the nitrogen source, at an initial pH of 5.0.
The cultivation was conducted at room

temperature under shaking conditions
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(150 rpm) for 120 hours. Under these
optimized parameters, the maximum dry cell
weight reached 4.26 + 0.03 g/L, with a total
carotenoid content of 41.98 + 0.93 ug/g
wet weight and glucose consumption of
13.36 = 0.11 g/L. These findings suggest that
a slightly acidic pH environment facilitates
optimal metabolic activity and carotenoid
biosynthesis in R. mucilaginosa SMY40, likely
by enhancing the enzymatic efficiency within
the mevalonate pathway. The high vyield
achieved under relatively simple and cost-
effective culture conditions highlights the
potential of this strain for biotechnological
applications, particularly in the production of
natural pigments for use in the food, cosmetic,

and pharmaceutical industries.
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