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Abstract
In this work, the performance of carotenoids extraction from Rhodotorula spp red yeast (strain ELP2022) using supercritical 
 CO2  (CO2-SFE) was compared to the traditional technique with organic solvent. For this purpose, the yeast was cultured 
in liquid medium, pre-treated with glass beads in 0.1 M  NaHCO3, and lyophilized. The extraction by  CO2-SFE was carried 
out using a bench scale equipment at 300, 400, and 500 bar whilst maintaining a constant  CO2 flow rate (6 mL/min) and 
temperature (40 °C) resulting in an average extraction yields of 60.8 ± 1.1, 68.0 ± 1.4, and 67.6 ± 1.4 µg of total carotenoids 
per g of yeast (dry weight), respectively. Based on these results, three other experiments at 400 bar and a  CO2 flow rate of 6 
L/min were also performed. In specific, the temperature was increased up to 60 °C, and ethanol as a co-solvent was added at 
40 and 60 °C. The results showed that the temperature does not have a significant effect on the extraction of carotenoids. On 
the contrary, the yields improved significantly in the presence of the co-solvent, and the percentage of recovery reached the 
mean values of 71.70% ± 1.4 and 73.86% ± 1.9 at 40 and 60 °C, respectively. Furthermore, from chromatographic analysis, 
four major peaks were observed and identified as torularhodin, torulene, γ-carotene, and β-carotene which represented about 
53.4%, 6.4%, 8.3%, and 26.9% of total carotenoids, respectively. Therefore, these promising results show the potential of 
this green technique for obtaining high-value products, such as carotenoids, from yeasts and therefore avoiding the use of 
dangerous solvents.
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1 Introduction

Carotenoids are a group of pigments naturally present in 
plants, algae, and microorganisms that have beneficial health 
activities due to their antimicrobial, antioxidant, anticancer, 
and immune response-stimulating properties [1–5].

Therefore, carotenoids have a significant commercial 
interest, and the related worldwide market in 2019 was about 
$ 1.5 billion [6].

For their production, mainly chemically synthesised pro-
cesses are currently used, as the extraction of carotenoids 
from natural matrices is still limited [7].

There is, however, a growing interest in the recovery of 
carotenoids from green biotechnological processes and eco-
sustainable matrices such as agro-food waste [8–11].

In this context of valorization of eco-sustainable matrices, 
red yeasts, due to their ability to grow even in large quanti-
ties on the latter low-cost substrates, represent an excellent 
alternative source for producing carotenoids [12]. Many 
studies evaluate the production of carotenoids from yeasts 
by investigating different microbial growth factors [13–15]. 
The type and quantity of carotenoids synthesised by yeasts 
vary according to the species. In the literature, it is widely 
reported that yeasts belonging to the genera Rhodotorula 
and Sporobolomyces, in addition to β-carotene, synthesise 
specific carotenoids such as torulene and torularhodin [11, 
16, 17]. Since plants do not synthesise them, the latter two 
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are scarcely present in human and animal diets and could 
therefore be successfully used as food additives [18, 19].

In addition, they are characterised by robust antioxidant, 
antitumor, and antimicrobial activity, on par with other 
important molecules such as polyphenols [20, 21] which 
points them toward potential use in the pharmaceutical and 
cosmetic industries [16, 22–24]. However, to fully exploit 
the biotechnological potential of these bioactive compounds, 
effective and efficient extraction processes need to be devel-
oped [9].

Traditionally, carotenoid extraction techniques involve 
using organic solvents such as petroleum ether, hexane, chlo-
roform, diethyl ether, acetone, benzene, methanol, ethanol, 
and acetone [25]. Despite their different degrees of toxicity, 
many of these solvents have been tested and used for their 
ability to extract carotenoids from yeasts in several studies 
[10, 15, 26, 27].

An alternative technique for extracting carotenoids is 
using fluids in supercritical conditions [28]. A fluid is con-
sidered supercritical when its temperature and pressure are 
above the critical point, having a liquid-like density, high 
diffusivity, and low viscosity like a gas. Thanks to these 
properties, a fluid under supercritical conditions can dif-
fuse into a matrix more remarkably than organic solvents, 
enhancing the efficiency of carotenoids extraction [29, 30].

Carbon dioxide  (CO2-SFE) is the most used in biotechno-
logical applications amongst supercritical fluids. This toxic 
waste-free process does not require solvent removal in the 
extracts [31]. Furthermore, the parameters can be adjusted 
so that the process temperature does not cause the degrada-
tion of thermolabile compounds such as carotenoids [32].

Data regarding the extraction of carotenoids from vari-
ous vegetable matrices and microalgae using  CO2-SFE are 
available in the literature [33–37].

Conversely, based on our knowledge, there are only a few 
data regarding the extraction of carotenoids from yeasts. 
However, an early study by Lim et al. dated 2002, investi-
gated using  CO2-SFE to separate astaxanthin from the yeast 
Phaffia rhodozyma [38].

Subsequently, Wang et al. (2012) extracted β-carotene 
from red yeast cells [39]. Martinez et al. (2020) [9] evalu-
ated how pulsed electric field technology can improve 
carotenoids extraction from Rhodotorula glutinis. In other 
studies, the  CO2-SFE extraction efficacy of astaxanthin from 
enzymatically pretreated cells of two different yeasts (Phaf-
fia rhodozyma and Xanthophyllomyces dendrorhous) was 
evaluated [40, 41].

This preliminary study aimed to evaluate the extraction 
of carotenoids from a new isolate of red yeast Rhodotorula 
spp. with  CO2-SFE. Different operating parameters were 
adopted, and the extraction yields were compared with 
those obtained by conventional organic solvent extrac-
tion. Fresh yeast biomass was subjected to chemical and 

mechanical pretreatment optimised by us, which facilitated 
and improved carotenoid extraction in both methods. The 
total carotenoids in the extracts were determined by the 
spectrophotometric method, and the different carotenoids 
present were separated and characterised by HPLC analysis.

2  Materials and methods

2.1  Culture of Rhodotorula and biomass 
pretreatment

The red yeast, strain ELP2022, used in this study was iso-
lated from the surface of fresh cheese in the year 2022. It 
was characterised for its metabolic pattern in the YT Micro-
Plate™ by a semi-automated system for rapid identification 
(Biolog, Inc) and identified as Rhodotorula spp (Supple-
mentary information, fig. S1). The pure culture was cryopre-
served at − 80 °C in 30% glycerol at ENEA Trisaia Research 
Center.

To produce the microbial biomass, a loop of yeast strain 
was picked up from glycerol stocks and streaked onto Potato 
Dextrose Agar (PDA, Sigma-Aldrich, Italy) plates. After 
incubation of 120 h, a single red colony was used to inocu-
late 1 L Erlenmeyer baffled flasks containing 200 mL of the 
YPD medium (10 g/L yeast extract, 20 g/L peptone, and 
20 g/L dextrose). Next, the flasks were incubated for 96 h at 
26 °C and 130 rpm in a thermostatic orbital shaker (Thermo 
Scientific Forma, model 420). After this culture time, the 
liquid was recovered, and the biomass was separated by cen-
trifugation (Beckman Avanti® J-25 centrifuge) at 9000 g 
for 10 min.

Subsequently, to ensure the extraction of carotenoids, 
the cell wall of the yeasts was pretreated by the following 
method. Briefly, the fresh biomass derived from 200 mL of 
culture was suspended in 16 mL of 0.1 M  NaHCO3. Then, 
the suspension was added in a 50 mL Falcon tube filled with 
8 g of glass beads (SiLibeads® type S) with a 1–1.3 mm 
diameter.

All materials used for pretreatment were sterilised as a 
precaution to avoid bacterial contamination. The Falcon tube 
was shaken horizontally at 130 rpm at 40 °C under dark con-
ditions to prevent loss of pigments by degradation.

After 24 h, to monitor cell lysis, 10 µL of cell suspension 
was mixed with an equal volume of Trypan Blue stain and 
was observed with differential phase-contrast microscopy 
(Olympus, model BX60). The broken cell number was deter-
mined using a Burker chamber, and their percentage was 
calculated to the total cell number.

Finally, the cell suspension was separated from the 
glass beads using a mesh sieve and centrifuged at 9000 g 
for 10 min. The pellet was washed three times with deion-
ised water and dried using a freeze-dryer (Martin Christ, 
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model Alpha 1–4). The lyophilised biomass was weighed 
with an analytical balance (Kern, model 870) and stored 
at 4 °C.

2.2  Carotenoids extraction procedure 
with the organic solvent

To extract the carotenoids, lyophilised pretreated 
cells (0.2 g) were suspended in 10 mL of a mixture of 
[acetone:methanol] (7:3 v/v) and vortexed for 5 min. 
The resulting suspension was centrifuged at 8900 g, 
4 °C for 10 min (Beckman Coulter-centrifuge Allegra 
TM 2IR). The supernatant was recovered, and the 
extraction process was repeated 4 times on the solid 
suspension to reach a complete extraction. The entire 
solvent (40 mL) was concentrated at 35 °C with a rotary 
evaporator (Steroglass Rotary Evaporator Instruments 
Kentron-Strike 202). After complete solvent evapora-
tion, the weight of the red pigments was determined and 
kept at − 20 °C until use for the quantification of total 
carotenoids and HPLC analysis. All operations were 
conducted under dark conditions to avoid loss of pig-
ments through degradation.

2.3  CO2 supercritical extraction on a bench scale 
system

The extraction unit used for the trials was the bench scale 
equipment (Applied Separations Spe-ed SFE-2, Allentown, 
PA) that could reach temperatures and pressures up to 
250 °C and 680 bar.

The system is fed by a cylinder containing  CO2 and, as 
schematically represented in Fig. 1, consists of the following 
parts: two pumps (P-01 and P-02) that respectively com-
press the gas and the co-solvent at working pressures; an 
oven inside which there is a flow preheater (PH) and the 
extraction vessel (EX) which is loaded with the glass beads 
and the pretreated yeast biomass; a separator (vial) in which 
the extracts are recovered. Along the line, there are manual 
valves (V) and probes for pressure (PC) and temperature 
(TC) monitoring.

In and out pressures were modulated using manual valves 
(Wika Transmitter, Milano, Italia), whilst  CO2 feed was con-
trolled up to 10 L/min using a flowmeter (LPN/S80 ALG 
2.5, Sacofgas, Italia).

In addition, the system could use a co-solvent from a 
specific line fed with a syringe pump (Speed SFE Modifier 
Pump Module-PN 7170-Applied Separations).

Fig. 1  Schematic diagram of bench scale  CO2-SFE
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Stainless steel tubes with different capabilities (32, 50, 
and 300 mL) can be used as extraction vessels. To avoid 
material transport, metal filters with 5-micron pores were 
used.

All parameters were controlled by EasyCom2011 soft-
ware version 2.0.5.16 (WIKA Alexander Wiegand SE & Co. 
KG).

In specific, pretreated biomass (about 0.3 g) was loaded 
into a 50 mL extraction vessel (14 mm inner diameter) for 
all experiments. In addition, to prevent biomass agglom-
eration and increase the contact surface area between bio-
mass and  CO2, 44 g of glass microspheres with a diameter 
of 3 mm were inserted into the vessel. The extractions 
were all carried out for 90 min with a constant flow of 
 CO2 (6 L/min).

The influence of three different pressures (300, 400, and 
500 bar) at 40 °C on carotenoid extraction yield was studied.

Experimental evidence described below identifies 
400 bar pressure as the best performing. Therefore, all fur-
ther investigations were conducted on this pressure param-
eter. Both the effect of temperature (40 °C and 60 °C) and 
the use of ethanol as an extraction co-solvent (flow rate 
of 0.5 mL/min) on carotenoid recovery were evaluated. 
One experimental condition was changed at a time, and the 
investigation was conducted in triplicates. Extracts were 
recovered in amber vials, weighed, and stored at 4 °C for 
subsequent analysis.

2.4  Determination of total carotenoids 
and chromatographic profile

After each extraction cycle, the sample was collected in an 
amber vial, and the total carotenoid content was measured 
using the following spectrophotometric method.

The samples of red pigments were resuspended in 
ethanol stabilised with 0.2% BHT (butylhydroxytoluene) 
(w/v) and directly used to measure the absorbance at 
453 nm using a spectrophotometer (Thermo Scientific—
Multiscan GO). The total carotenoids amount was calcu-
lated as follows:

where A is the absorbance; V is the total volume of sample 
solution (mL); E1%

1cm
 is the specific extinction coefficient of 

β-carotene for ethanol (2620 mL  g−1  cm−1).
The carotenoid yield (CY) was expressed in terms of µg/g 

and was given following the formula:

TC (�g) =
A × V × 10

4

E1%
1cm

CY =
TC

Wlb

where TC is the total carotenoids (µg) in the extract and Wlb 
is the weight (g) of lyophilised biomass.

Furthermore, the effect of operating parameters with 
SFE-CO2 was evaluated by comparison of the carotenoids 
yields with those obtained using organic solvent. It was 
expressed as a recovery percentage and was given by the 
following formula:

where CY(SFE) and CYwhere CY(SFE) and CY(CS) are the total 
carotenoids yields obtained using the  CO2-SFE process and 
conventional solvent, respectively.

The different carotenoids present in the extract were 
separated by an Agilent 1200 series high-performance 
liquid chromatography (HPLC) system consisting of 
an in-line degasser (G1379B), binary pump (G1312B), 
auto-sampler (G1367B), column temperature control-
ler (G1316A), UV–Vis detector (G1314B), and a diode 
array detector (DAD) (G1315A). Before analysis, the 
extracts were resuspended in 1 mL ethanol with 0.2% 
(w/v) BHT, filtered through a 0.22 μm Millipore fil-
ter, and added into 2 mL vials. The separation was 
achieved on a C-18 reverse-phase analytical column 
(Zorbax RX-C18 4.6 × 250 mm, 5 μm) following the 
method reported by Ghiraldi et al. (2020) [42]. Specif-
ically, the column was kept at 25 °C using an injection 
volume of 20 μL and a 1 mL/min f low rate. Acetone 
(solvent A) and water (solvent B) were used as mobile 
phase at the following gradient elution: 75% A (ini-
tial composition), min 0–10 linear gradient from 75% 
A to 95% A; min 10–17 at 95% A; min 17–20 linear 
gradient from 95% A to 100% A; min 20–30 at 100% 
A; min 30–35 linear gradient back to the initial condi-
tions at 75% A.

Direct UV absorption detection was performed at 
the characteristic wavelength for β-carotene (453 nm). 
Online spectra were recorded between 350 and 650 nm, 
and an identification tentative was performed comparing, 
for each peak, the retention times (RT) and the wave-
lengths for the maximum absorbance (λ max) with litera-
ture data. Synthetic β-carotene, purchased from Sigma-
Aldrich (PHR1239-1G), was dissolved in hexane and 
diluted in ethanol with BHT to prepare standard stock 
solutions. All data were collected and analysed using 
the software OpenLAB CDS Chemstation Edition Rev. 
C.01.10(201).

Each sample was analysed three times, so carotenoids 
yields and recovery percentage averages with standard 
deviations were calculated. The means were separated by 
Tukey’s HSD test when the analysis of variance showed sta-
tistical significance (α = 0.05).

Recovery (%) =
CY (SFE)

CY (CS)

× 100
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3  Results and discussion

3.1  Yeast culture and pretreatment

In the present study, a combined method for cell lysis, 
using glass beads and sodium bicarbonate, was coupled 
with both conventional [acetone:methanol] (7:3 v/v) and 
SFE-CO2 extraction.

It has been recognised that cell disruption represents an 
essential step for the extraction of intracellular compounds 
from yeast cells, exerting significant effects on their recov-
ery and purification [43]. Monks et al. (2013) [44], in 
their work focused on the cell disruption of Sporidiobo-
lus salmonicolor (CBS 2636) for releasing carotenoids 
by different treatment methods, observed that the maxi-
mum amount of carotenoids was obtained after enzymatic 
hydrolysis. From our preliminary results (data not shown), 
the extraction yields of carotenoids were significantly 
increased by using pretreated biomass over untreated one.

In accordance with the findings reported by da Fonseca 
et al. (2011) [45], the efficacy of our pretreatment method 

could be mainly due to the use of glass beads rather than to 
the sodium bicarbonate effect. Indeed, these authors, eval-
uating different cell disruption methods of the yeast Phaf-
fia rhodozyma, concluded that the method with  Na2CO3 
was not effective; whilst the agitation with glass pearls 
increased the extraction yields.

The percentage of damaged cells, which appeared inter-
nally coloured by Trypan Blue assay (Fig. 2), was higher 
than 98% after pretreatment.

3.2  Chromatographic profile of carotenoids 
in extracts of red yeast ELP2022 strain

The separation of the carotenoids present in the extracts, 
performed by HPLC, allowed observing 4 prominent peaks 
(Fig. 3a) representing about 95% of the total areas of the 
peaks.

These peaks can be potentially identified by their 
characteristic UV/Vis spectrum and their retention 
time as torularhodin (retention time = 12.061  min), 
torulene (retention time = 15.553  min), γ-carotene 

Fig. 2  Contrast phase micro-
scope images of untreated (a) 
and pretreated (b) yeast cells
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Fig. 3  Chromatographic profile of solvent extracts from red yeast (strain ELP2022) (a) and β-carotene standard (b)
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(retention time = 15.759 min), and β-carotene (retention 
time = 17.031 min). In addition, the β-carotene peak in the 
extract was confirmed by the chromatographic profile of the 
β-carotene standard, which exhibited the peak at the same 
retention time (Fig. 3b).

Torularhodin was the major component and represented 
about 53.4% of total carotenoids (Table 1). It had maxi-
mum adsorption at 498 nm (Supplementary information, 
fig. S2) and a shorter retention time, compared to the other 

carotenoids, probably due to its carboxylic group (Fig. 4) 
[46]. β-carotene was the second most abundant component 
with an average percentage of about 26.9% and maximum 
adsorption at 453 nm. Torulene and γ-carotene represented 
about 6.4% and 8.3% with a maximum adsorption at 483 and 
462 nm, respectively.

In several independent studies, similar profiles for carot-
enoid extracts have been reported. However, their concentra-
tions and their percentage ratios may vary depending on the 
metabolic synthesis of the particular species of Rhodotorula 
used and are strongly influenced by the culture conditions 
[11, 13].

Elfeky et al. (2019) showed that the production of specific 
carotenoids compounds by Rhodotorula glutinis could be 
enhanced under a high C/N ratio when ammonium sulphate 
was used as a nitrogen source in combination with a low 
C/S ratio [47].

3.3  Total carotenoids extraction by  CO2 supercritical 
fluid bench‑scale instrument  (CO2‑SFE)

CO2-SFE can be an efficient, green, and suitable technique 
for the recovery of carotenoids compounds from red yeasts. 
In this study, the first approach evaluated the effect of dif-
ferent extraction pressures maintaining a constant  CO2 
flow rate (6 L/min) and temperature (40 °C) regarding total 
carotenoids.

The results in Table 2 show that the extraction carried 
out at 400 bar increased yields in comparison to yields 
at 300 bar. In specific, the average extraction yields were 
60.8 ± 1.1, 68.0 ± 1.4, and 67.6 ± 1.4 µg/g DW (dry weight) 
at 300, 400, and 500 bar, respectively.

Conversely, by further increasing the pressure up to 
500  bar, differences in recovery percentage were not 
observed, as shown in Fig. 5.

Although carotenoids extraction could increase with 
pressure as it improves solubility and cell destruction 
[37, 48], our study did not verify this prediction, probably 

Table 1  Percentage of major components to total carotenoids and sin-
gle carotenoid content expressed as β-carotene equivalents

Data reported are mean value ± standard deviations

Compounds % (µg/g of dried biomass)

Torularhodin 53.4 65.8 ± 4.5
Torulene 6.4 7.9 ± 0.8
γ-Carotene 8.3 10.3 ± 0.7
β-Carotene 26.9 33.1 ± 3.9

torularhodin 
λ max = 498 nm

torulene 
λ max = 487 nm

γ-carotene 
λ max = 462 nm

β-carotene 
λ max = 453 nm

Fig. 4  3D chemical structures of main carotenoids present in red 
yeast extracts (strain ELP2022) with maximum absorption referred 
to the spectrum in acetone. Images obtained from PubChem (https:// 
pubch em. ncbi. nlm. nih. gov/ search/ search. cgi)

Table 2  Total carotenoids extracted by organic solvent and  CO2-SFE 
at different operating parameters

Data reported are mean value ± standard deviations

Extraction methods Carotenoids 
yields (µg/g)

Organic solvent 123.2 ± 3.1
CO2_SFE (300 bar, 40 °C) 60.8 ± 1.1
CO2_SFE (400 bar, 40 °C) 68.0 ± 1.4
CO2_SFE (500 bar, 40 °C) 67.6 ± 1.4
CO2_SFE (400 bar, 60 °C) 65.2 ± 1.9
CO2_SFE (400 bar, 40 °C, co-solvent) 88.3 ± 1.2
CO2_SFE (400 bar, 60 °C, co-solvent) 91.0 ± 1.7

https://pubchem.ncbi.nlm.nih.gov/search/search.cgi
https://pubchem.ncbi.nlm.nih.gov/search/search.cgi
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because the pretreatment already completely destroyed the 
yeast cells.

Based on the results of this preliminary approach, three 
other experiments at 400 bar and a  CO2 flow rate of 6 mL/
min were also performed. Specifically, the temperature was 
increased to 60 °C, and ethanol as co-solvent was added at 
40 and 60 °C.

From the results shown in Fig. 6, the temperature did not 
significantly affect the extraction of carotenoids.

Indeed, the effect of temperature on solubility is complex 
and difficult to predict.

At constant pressure, increasing the temperature, 
the solubility of most solutes increases. However, the 
density of the solvent decreases, reducing its solvating 
capacity [49].

Furthermore, the thermal instability of carotenoids that 
increases with temperature increasing [50] is not irrelevant.

These results are in line with the work of Wei et al. (2005) 
[51], in which it is stated that the effect of temperature on 
the solubility of carotenoids was insignificant as compared 
to the effect of pressure.

On the contrary, the extraction yields improved sig-
nificantly with the addition of co-solvent, and the recov-
ery percentage reached the mean values of 71.70% ± 1.4 
and 73.86% ± 1.9 at 40 and 60 °C, respectively (Fig. 6).

This observation is widely confirmed in the literature. 
Although carotenoids are very low polarity compounds, 
their high molecular weight can cause reductions of solu-
bility in  CO2. Therefore, adding ethanol may increase the 
dissolution of heavier substances and thereby improving 
their extraction [52, 53].

Finally, considering that the total content of carotenoids, 
extracted from the yeast using the organic solvent, was 
123.2 ± 3.1 (μg/g DW) and the minimum amount of carot-
enoids extracted using  CO2-SFE was 60.8 ± 1.1 (μg/g DW), 
the minimum recovery rate is 49.37%.

These yields were higher than those reported by Martinez 
et al. (2020) [9]. These authors investigated the pulsed elec-
tric fields (PEF) as pretreatment technology coupled with 
 CO2-SFE achieving very low yields. However, like us, they 
also observed significant yield increases by adding ethanol 
as a co-solvent.

The difference between our results and those of Martinez 
et al. (2020) is most likely due to the different pretreatment 
performed.

However, the results align with the previous work of Lim 
et al. (2002) [38]. Here, the authors destroyed the Phaffia 
rhodozyma red yeast cells using a bead mill, obtaining high 
yields for all extractions performed at operating parameters 
similar to ours.

Despite the wide availability of data regarding carotenoid 
synthesis in red yeast, information is lacking for this specific 
interest area where supercritical  CO2 was investigated as an 
alternative solvent.

Based on our knowledge, in addition to the two already 
discussed works, two other independent studies regarding 
the extraction of astaxanthin from enzymatically lysed 
cells of Phaffia rhodozyma and Xanthophyllomyces den-
drorhous by SFE-CO2 were reported [40, 41]. In particu-
lar, Harit et al. (2020), under the best conditions inves-
tigated, reached a maximum value of ~ 45% astaxanthin 
extractability.

Therefore, combining supercritical  CO2 extraction with dif-
ferent pretreatment methods (i.e. chemical, mechanical, and 
enzymatic) represents an essential focus for further research to 
maximise the recovery of carotenoids from red yeasts.
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4  Conclusions

In this work, the extraction of carotenoids from a red yeast 
belonging to the Rhodotorula genus (strain ELP2022) was 
carried out using  CO2 under supercritical conditions. After 
pretreatment, the yeast biomass was dried and subsequently 
subjected to extractions. From the comparison of carote-
noids yields with those obtained by the traditional extraction 
method, a positive effect of the pressure up to 400 bar is 
highlighted. On the other hand, the increase in temperature 
from 40 to 60 °C was irrelevant.

Furthermore, adding ethanol as a co-solvent allowed for 
increased carotenoid extraction.

Four major compounds were highlighted from the chro-
matographic profile of the extracts, and they were identified 
as torularhodin, torulene, γ-carotene, and β-carotene.

Considering the lack of data in the literature on the 
extraction of carotenoids from yeast using  CO2-SFE, the 
present study shows the potential of this green technique 
in combination with an economical and environmentally 
friendly biomass pretreatment.

Moreover, this approach avoids the presence of residual 
solvents of class 1 and 2 in the extracts, which should be 
respectively not employed or limited in pharmaceuticals 
according to ICH guidelines Q3C(R8).

Therefore, the present study provides valuable informa-
tion for subsequent investigations involving the recovery and 
application of these pigments for cosmetic and pharmaceuti-
cal purposes.
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