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ABSTRACT
This work was undertaken to evaluate the antioxidant capacity of Rhodotorula toruloides lipid extract in TLC plate, using the 
(DPPH) (1,1-diphenyl-2-picril-hydrazine) method as an innovative way to visualise lipid groups that comprise this activity. 
Similarly, carotenoids and crude oil were analysed for antioxidant capacity by the DPPH and β-carotene/linoleic acid methods. 
The lipidomic profile extract analysis was performed by GC/MS and HPLC/DAD. The sample preparation for the GC/MS analysis 
was made by ultrasound-assisted transesterification. Free compounds were silylated with BSTFA (N,O-Bis (trimethylsilyl) 
trifluoracetamide) + 1% TMCS (Trimethylchlorosilane). The analysis of the lipid extract showed that in the saponifiable fraction 
saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA) were present; and in the unsaponifiable fraction were 
steroids and carotenoids. The antioxidant capacity was expressed as IC50 reaching 6.4 mg/L that means relative efficiency. The 
oil profile, using TLC, shows the chemical groups: carotenoids, acylglycerols, free fatty acids and steroids. Similarly, the GC/
MS analysis shows the fatty acids and steroids. The HPLC analysis describes the carotenoids profile, highlighting b-carotene 
as the majority and the presence of β-carotene-5,8-epoxide, zeaxanthin and b-cryptoxanthin, characterising the lipidomic study 
of this yeast.
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1. Introduction
Lipidomics is a branch of metabolomics based on the study 

of all lipids produced by prokaryote or eukaryote cells, the 
molecules they interact with, and their function within the 
cell.1,2 Recent advances in soft-ionisation mass spectrometry 
combined with established separation techniques have allowed 
the rapid and sensitive detection of various lipid species with 
minimal sample preparation.3 A ‘lipid profile composition’ 
from a crude lipid extract analysed by GC/MS is the set of 
all lipid molecules mass spectra represented as a set of picks 
in a chromatogram, each pick identified and its abundance 
quantified. This kind of analysis can be used to monitor profile 
changes over time in response to a particular stimulus. As a 
preliminary lipid profile analysis, thin-layer chromatography 
(TLC) is a simple, cheap, and fast separation planar method to 
investigate complex lipids mixtures. All these aspects make TLC 
a convenient choice for many applications, including analytical, 
bio-medical and pharmaceutical fields,4,5,6 highlighting the 
screening of plant or microbial cells extracts for the systematic 
investigation of biologically active compounds, like carotenes.7

In order to avoid laborious and time-consuming isolation 
of individual compounds by HPLC-prep, TLC-plate based 
assays have been proposed to assess the biological activity of 
separated compounds.6 Based on decolourising of the purple 
DPPH−, many variants of antiradical measurements have 
been suggested.8 However, determination of the antioxidant 
potential and radical scavenging activity for each compound 
contained in a complex mixture is hardly a possible task. 
Therefore, the search for new, easy, rapid, and cheap methods 

for screening the free-radical scavenging potential of individual 
compounds contained within complex mixtures is still in a 
continuing development.5

A variety of methods is used to determine the radical 
scavenging capacity of pure individual compounds. The most 
popular of these methods is the spectrophotometric method, 
based on the colour reaction between an antioxidant and a 
relatively stable radical. Some examples are the oxygen radical 
absorbance capacity (ORAC), ferric reducing antioxidant 
power (FRAP), Trolox equivalent antioxidant capacity (TEAC) 
assay, β-carotene bleaching test, lipid peroxidation assays, 
ABTS+ (2,20-azinobis-(3-ethylbenzothiazoline-6-sulphonic radical 
cation) or DPPH− (2,2-diphenyl-1-picrylhydrazyl radical).6 
Scavenging of the DPPH* radical is the basis of the popular 
DPPH antioxidant assay.9,10 In solution, DPPH− is characterised 
by the intense purple colour that changes into pale yellow in 
the presence of a free radical scavenger. This stable free radical 
accepts an electron or hydrogen radical to become a stable 
diamagnetic molecule.6 The DPPH method may be utilised in 
aqueous and nonpolar organic solvents and can be used to 
examine both hydrophilic and lipophilic antioxidants.11

In recent years, an explosion of interest has been observed in 
the search for antioxidants in natural products.12 However, the 
search for new sources of antioxidants is increasingly directed 
towards microorganisms as potential producers.13,14 Bacteria, 
algae, yeasts, and filamentous fungi that are able to accumulate 
more than 20% lipids in their dry biomass are considered SCO 
(single cell oil). In some cases, the composition of its triglycerides 
(TAGs) is similar to the ones in edible oils and fats obtained from 
vegetable and animal sources15. SCO can be used as raw material 
for several products, such as biodiesel by transesterification,16 
fungicides, bactericides, polyols, surfactants, and lubricants.17 
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Among the oleaginous microorganisms, the yeast R. toruloides 
has gained attention due to its ability to accumulate up to 70% 
of lipids.18 Culturing this microorganism on lignocellulosic 
hydrolysates19,20 also produces valuable molecules such as 
carotenoids,21,22 cephalosporin esterase and epoxy hydrolases,23 
also R. toruloides has been genetically manipulated to improve 
matabolite production.24  

Isolation, enrichment, and extraction of lipid components 
of interest from the yeast can vary in the degree of selectivity 
of solvent and the strategy used in the selected methodology. 
Liquid–liquid extraction (LLE) is one of the oldest pre-
concentration and matrix isolation techniques in analytical 
chemistry. Traditional techniques used for the solvent extraction 
of natural products are associated with long extraction times 
and low yields, a large volume of organic solvents and poor 
extraction efficiency. Ultrasound is an effective technique to 
overcome these problems by improving the extraction rate by 
increasing the mass transfer rates and possible cell wall rupture 
due to the formation of microcavities5 and is useful in natural 
product extraction.25

Since the TLC is a fast and efficient analytical technique, 
its application as a lipidomic tool is restricted to detect 
metabolites classes or subclasses.26,27 In this work was restricted 
to lipid subclasses and would contribute to understanding the 
metabolite composition of this biological source and set up a 
base case for biochemical applications. Therefore, the objective 
of this work was to evaluate the lipidomic profile of the yeast 
R. toruloides cultivated in a submerse condition by GC/MS and 
its antioxidant activity by TLC on an individually separated 
lipid subclass.

2. Experimental Procedures
2.1. Microorganism, its cultivation and the oil

The yeast Rhodotorula toruloides CCT 0783, previously called 
Rhodosporidium toruloides, was obtained from the Tropical 
Culture Collection “Fundação André Tosello”, in the city of 
Campinas, Brazil, and adapted to grow on sugarcane bagasse 
hemicellulosic hydrolysate.21

2.2. Chemicals and standard solutions
The standard of trans-β-carotene synthetic, phosphomolybdic 

acid, vanillin and 2,2-diphenyl-1-picrylhydrazyl radical (DPPH−) 
were purchased from Sigma–Aldrich (Merck, Darmstadt 
Germany). Acetonitrile (ACN) and ethyl acetate (EtOAc) for 
analysis by HPLC were of spectroscopy purity grade, ethanol 
(EtOH), methanol (MeOH), hexane, acetone, ether diethyl, and 
dichloromethane (CH2Cl2) were of analytical purity grade, all 
from Tedia (Rio de Janeiro, Brazil). Sulfuric acid was obtained 
from Synth (Rio de Janeiro, Brazil). TLC was performed on the 
3 cm x 5 cm pre-coated TLC sheets ALUGRAM Xtra SIL G/UV254 
HPTLC plates (Macherey-Nagel, Germany). Bis(trimethylsilyl) 
trifluoroacetamide (BSTFA- 1% TCMS) were purchased from 
Regis Technologies (PhyladelphiaUSA). TLC preparative was 
carried on TLC plate glass (1000 μm, 10 × 20 cm, F254) Ultrapure 
Silicaplate Prep (Silicycle, Quebec Canada). 

2.3. Preparation of the oil in natura for analysis
A mass of 200 mg of crude oil obtained from the cells was 

transferred to a glass test tube with 1.0 cm (diameter) × 10 cm 
(height), and 5.0 ml of DCM: MeOH (2:1) were added. The test 
tube was kept in an ultrasound water bath at 40 kHz and 45°C 
for 30 s. The ultrasonic power inside the extract container was 
estimated to be 70 W.cm−2 and a manufacturer power rating of 
130 W. After complete solubilisation of the oil, the mixture was 
centrifuged at 6720 g for 3 minutes, the supernatant removed, 
and the solvent was evaporated, yielding 118.8 mg of oil.

2.4. Derivatisation of prepared oil
The oil was transesterified by adding 3.0 mL of the solution to 

4% H2SO4 in MeOH and stirring the mixture under sonication 
in an ultrasound water bath at 40KHz and 55°C for 20 minutes. 
The ultrasonic power inside the extract container was estimated 
to be 70 W.cm−2 and a manufacturer power rating of 130 W. 
A volume of 4.0 mL distilled water and 3.0 mL of n-hexane 
were added. The mixture was stirred vigorously for 30 s and 
centrifuged at 6720 g. Then 2.0 mL of the upper phase was 
transferred to a screw-capped tube, and the solvent was 
evaporated in a turbovap concentrator. The lipids were silylated 
by adding 100 μL of BSTFA and kept under a dry bath at 30°C 
and 400 rpm for 1 h. Then, 500 μL hexane was added, and the 
sample was analysed with GC/MS (gas chromatograph – mass 
spectrometer).

2.5. Gas chromatography-mass spectrometry analysis (GC/MS)
GC/MS analysis was performed with a Thermo Scientific 

Trace 1300 gas-chromatograph equipped with an RTX-5TG- 
RESTECK column (30 m × 0.25 mm; coating thickness 0.25 mm) 
and a Thermo Scientific ISQ (ionization single quadrupole) mass 
detector. The analytical conditions were operated with injector 
and transfer line temperatures at 220°C and 280°C, respectively. 
The electronic ionisation was set at 70 eV. The oven temperature 
programming started at 50oC and went up to 200°C at a rate 
of 8°C min−1, ramped to 300°C at 10°C min−1, kept held for 5 
min, ramped again at 10 °C min−1 to 350°C, and kept held for 15 
min. Helium was used as carrier gas at a flow rate of 1ml/min. 
1 µL of the sample was injected  at splitless mode. The mass 
spectrometer (MS) was operated in scan mode (start after 3 min, 
mass range from 40–1000 a.m.u. at 1 scan/s). Identification of 
the constituents was based on a comparison between the linear 
retention indices, obtained by homologous hydrocarbons, 
and their retention times; followed of the comparison of the 
compounds mass spectra against commercial (NIST2011-
WILEI2009-FAMES2011) and homemade library mass spectra 
built up from pure substances and components of known oils, 
as well as the literature mass spectra data.

2.6. Qualitative chemical profile of the oil by TLC
To separate compounds from the crude oil, volumes of 1µL 

were applied to TLC plate as bands, instead of spots, at 0.8 cm 
above the base line and from 0.2 cm the edges of the plate. After 
the plates were dried in air for 15 min, they were developed 
at room temperature by ascending chromatography in a 
developing chamber saturated with the vapour of the mobile 
phase. All runs were carried out at 24°C ± 1°C. 

The mobile phase was a mixture of hexane, diethyl ether, and 
acetone at a ratio of 80:20:5 (v/v/v). A volume of 10 mL of the 
mobile phase was enough for each elution. The run solvent 
elution distance from the baseline to the top line was 4 cm. After 
the elution, the plates were dried at 28°C for 15 min and prepared 
for the revelation by spraying them with a mixture of solution A 
(vanilin 1% m/v in ethanol) and solution B (sulfuric acid 10% v/v 
in ethanol, (1:1)). The qualitative identification of the compounds 
present in the crude oil was performed by comparing the 
retention times obtained to those described by Salgado.28

2.7. Preparation of carotenoid-rich fraction by preparative TLC
The same conditions established to determine the qualitative 

chemical profile of the oil by TLC were used to develop the 
TLC on a preparative scale to obtain a carotenoid enriched 
fraction of the crude oil. An aliquot of 20 mg of the crude 
oil was diluted in 5 mL of diethyl ether and applied to a 
preparative chromatographic plate (glass support, dimensions 
10 cm × 20 cm, 1000 μm silica gel layer with F254 indicator). 
After elution, a yellow-orange band (Rf = 0.85), corresponding 
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to the carotenoids, was separated from the others near the top 
line of the chromatographic plate. This band was removed 
(scraped) from the plate, and the carotenoids were extracted 
from silica with diethyl ether. After the solvent evaporation, this 
fraction was analysed by HPLC for carotenoids identification. 

2.8. Antioxidant activity bioassay by the DPPH free radical 
scavenging method

The radical donation ability of the oil sample was measured by 
the bleaching of a purple-coloured methanol solution of DPPH 
(2, 2’- diphenyl-1-picrylhydrazyl). For revelation, the TLC plates 
were immersed for 3 s in freshly prepared 0.1% (m/v) DPPH− 
radical methanolic solution. After removing DPPH− excess, 
the plates were immediately dried in air at 60°C. Antioxidants 
compounds were identified by yellowish band colour and co-
chromatography with the pure compound.28

2.9. Antioxidant activity (β-carotene / linoleic acid system)
The antioxidant capacity of the oil was evaluated according 

to a β-carotene/linoleic acid model co-oxidation system of 
substrates according to the modified methodology described 
in29,30 in triplicates.

The reactive mixture was prepared as follows: 40 μL of 
linoleic acid, 14 drops of Tween-40, 50  μL of a β-carotene 
solution (0.02 g of β-carotene diluted in 1 mL of chloroform) 
and 1 mL of chloroform were added in a 250 mL beaker. The 
mixture was subjected to complete evaporation of chloroform, 
and 350 mL of oxygen saturated water were added. The mixture 
was stirred vigorously for 30 min. The reactive mixture was 
immediately measured at 470 nm in the absorbance range of 
0.6 and 0.7. The sample masses were measured and separated 
according to the established concentration and then solubilised 
in a 7:3 acetone:ethyl acetate mixture. Therafter, 400 μL of the 
solubilised sample was added to the test tubes, and 5 mL of the 
reactive mixture was added to each tube. They were incubated 
at 40°C to initiate β-carotene bleaching. The absorbance at 470 
nm measurement was performed at 15 min intervals for 120 min 
(Shimadzu spectrophotometer model UV-1800). The results were 
expressed as the percentage of oxidation inhibition, calculated 
as the absorbance decay of a control (Ac), which should be less 
than 0.2 to be considered with 100% oxidation after 120 min of 
reaction. The sample absorbance decay (Aam) was correlated 
with the decay of the control (Ac), as well as the percentage of 
oxidation inhibition (%I). See equation (1) through (3):

​Ac=Absinitial−Absfinal​	 (Eq. 1)

​Aam=Absinitial−Absfinal​	 (Eq. 2)

​%I=​ 
Aam× 100

 _______ Ac
  ​​	 (Eq. 3)

2.10. High-performance liquid chromatography analysis
The method for analysing the carotenoid profile by HPLC was 

adapted from.31 The analysis was performed in an Ultra-Fast 
Liquid Chromatography (UFLC, Proeminence-LC20A, Japan) 
system coupled to a photodiode array (PDA) ultraviolet detector 
(UV-Vis-SPD-20A) with a binary solvent pumping system, 
degasser “Online” DGU-20A with auto-sampler and controlled 
CMB-20A. The separation was carried out in a reverse-phase 
column Kromasil ODS-5-C18 (5μm, 4.6 × 150 mm) from Akzo 
Nobel (Sweden) in isocratic elution mode with the following 
mobile phase: solvent A (100% ACN) and solvent B (EtOAc/
MeOH; 2:1, v/v) in the ratio of A:B (85:10). The injection volume 
was 10 μL, and the column was maintained at 28°C with a total 
elution time of 60 minutes. The mobile phase flow was 0.95 mL/
min. The absorption spectra were recorded in the 200 to 800 nm 
range, and the chromatogram was processed at 450 nm.

3.  Results and Discussion 
3.1. General aspects 
3.1.1. Cultivation and lipid extraction

The cell cultivation yields approximately 1 kg of cell paste 
from which the lipids were extracted in many batches, resulting 
in a lipid content from 65−73% of dried cell mass and a volume 
of approximately 50 mL.

3.1.2. TLC profile of the oil
The oil extracted from the cells had a predominance of 

triacylglycerol-TAG (Rf 0.67), followed by carotenoids (Rf 
0.85), monoacylglycerol-MAG (Rf 0.05), steroids (Rf 0.12), and 
phospholipids (Rf 0.0). Diacylglycerol-DAG (Rf 0.30) and free 
fatty acids – FFA(AGL) – (Rf 0.37) were also present at minor 
concentrations (Figure 1).

The plate in Figure 1 presents a band with a good intensity 
of carotenoids near the top line with Rf 0.85. Thus, it can be 
inferred that the separation of these carotenoids will not present 
difficulties if the same solvent ratio is applied. The elution-based 
separation proved to be quite efficient for this sample.

3.1.3. Sample derivatisation for lipidomic analysis by GC/MS
The oil from R. toruloides has a lipid composition composed 

of saturated long-chain fatty acids with a predominance of 
unsaturated fatty acids and steroids (Figure 2). The complete 
analysis of the oil involving all classes of lipids in a single 
run is not a trivial task. The reason is that the selection of 
chromatographic columns and the analysis methodologies 
become relevant variables. 

For this reason, the derivatization technique involved two 
steps: transesterification and trimethylsilylation to analyse 
the free fatty acids, sterols, triterpenes, and phospholipids 
that were present in the oil sample. It was observed that the 
trimethylsilylated substances (TMS) are those that were initially 
free in the oil, and the fatty acid methyl esters are those that 
were initially bound to glycerol (acylglycerol).

Figure 2. The fingerprint of free fatty acids and steroids present in the 
oil of R. toruloides by GC/MS

Figure 1. Lipid groups profile by TLC of the oil produced by  
R. totuloides.
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The oil is constituted of the two unsaturated and one saturated 
fatty acids as the main constituents: octadecenoic acid (48.29%), 
octadecanoic acid (7.20%) and hexadecenoic acids (26.96%), 
(Table 1). The relevant points of the analysis that differ from 
the analysis performed by other researchers are that lipidomic 
techniques detect and quantify the substances that were not 
quantified previously. In this case, the steroids, the glycerol, the 
acylglycerols, the isomers, and the derivatised substances stand 
out because they were free in the oil. In this same sense, the 
composition differs from the ones reported,16,20 although with 
the same relative trend.

The minority components of the oil (<2.60%) were the 
unsaturated fatty acids 9-hexadecenoic, 10-heptadecenoic, and 
11-eicosenoic, the saturated fatty acids decanoic, dodecanoic, 
tetradecanoic, pentadecanoic, heptadecanoic, eicosanoic, 
docosanoic, and tetracosanoic. Despite the low concentrations, 
these fatty acids may find applications in food,32 cosmetics,33 and 
biodiesel industries.34,35 It is important to highlight that different 
microorganisms and culture conditions may yield different oil 
compositions and content.36 

These results are in agreement with literature on the 
lipid profile of yeast oil such as the fatty acids: hexadecanoic 
(11–37%), hexadecenoic (1–6%), octadecanoic acid (1–10%) 
and octadecenoic acid (28-66%).37 The presence of free fatty 
acids, monoacylglycerols (such as 2-monopalmitin (0.22%), 
1-monopalmitin (0.89%), 1-monoolein (2.7%), 1-monolinolein 
(0.17%)) and diacylglycerols ( such as 1,3-dipalmitin (0.43%)) can 
be observed by the corresponding silylated compounds (TMS), 
which are related to the acidity of the oil and were derived from 
hexadecanoic, octadecenoic, and octadecanoic acids. The oil 
also contains steroidal substances, such as ergosterol and beta-
sitosterol, in their free form.

3.1.4. Antioxidant activity by DPPH on TLC plate
The assay for antioxidant activity by DPPH− showed a 

slightly yellowish staining band on the HPTLC plate at Rf of 
0.85 (Figure 3a) corresponding to b-carotene. The same band is 
present as a purple band after revelation with VAS (Figure 3b). 
The comparison with the β-carotene standard band (Figure 3c) 
confirmed the presence of carotenoids in the oil.

Identifying the antioxidant activity of the carotenoids with 
DPPH− reagent showed the practicality of the TLC technique in 
determining the antioxidant action of a certain matrix with low 
cost and speed in performing profile analyses of compounds 
that may exhibit biological activities.38

3.1.5. Antioxidant activity via β-carotene / linoleic acid system
The antioxidant activity carried out with the integral oil 

evaluated with the b-carotene/linoleic acid system presented a 
decay of 82.69% with 10.00 mg/L of oil, showing the relevance 
of fractionating this oil to obtain a carotenoid concentrate 
(Table 2). The b-carotene/linoleic acid system was more effective 
to determine the antioxidant activity than the DPPH method 
due to its greater affinity to liposoluble than hydro soluble 
substances. The use of antioxidants slows down the absorbance 
decay of b-carotene, which protects the lipid substrates from 
oxidation. The values for the discolouration of b-carotene 
expressed as a percentage of antioxidant capacity (% AC) after 
120 min of reaction are reported in Table 2.

The determination of AC-IC50 through plotting the absorbance 
at 470 nm as a function of oil concentration used in the period 
established for each assay showed that 6.80 mg/L of oil has the 
potential of 50% protection against the radical action. The IC50 
approached 6.40 mg/L, which means great efficiency due to the 
result being obtained from the integral oil and not from the 
isolated fraction (Figure 4).

Table 1. Lipid profile of the yeast oil identified by GC/MS analysis.

Pick RT Compounds
Relative  

abundance 
(%) 

RMS

1 14.66 (C3H8O3) Glycerol TMS 0.89 940

Saturated Fatty Acids

2 15.48 (C10:0), Decanoic acid 0.11 939

3 19.88 (C12:0), Dodecanoic acid 0.41 960

4 23.91 (C14:0), Tetradecanoic acid 4.09 948

5 25.72 (C15:0), Pentadecanoic acid 0.27 974

7 27.71 (C16:0), Hexadecanoic acid 26.96 926

9 28.82 (C17:0), Heptadecanoic acid 0.52 923

10 29.09 (C16:0), Hexadecanoic acid TMS 0.42 909

12 30.11 (C18:0), Octadecanoic acid 7.20 930

14 31.06 (C18:0), Octadecanoic acid TMS 0.12 878

16 31.71 (C20:0), Eicosanoic acid 0.35 875

17 33.12 (C22:0), Docosanoic acid 0.26 929

20 34.36 (C24:0), Tetracosanoic acid  0.54 771

Monounsaturated Fatty Acids

6 27.11 (C16:1) 9-Hexadecenoic (Z) acid 2.56 947

8 28.52 (C10:1) 10-Heptadecenoic (E) acid 0.41 900

11 29.97 (C18:1) Octadecenoic (Z) acid 48.29 930

13 30.84 (C18:1) Octadecenoic (E) acid TMS 0.47 951

15 31.53 (C20:1) 11-Eicosenoic acid 0.37 898

Acylglicerides

18 33.35 2-Monopalmitin TMS 0.22 859

19 33.55 1-Monopalmitin TMS 0.89 912

21 34.61 1-Monoolein (Z) TMS 2.17 908

22 35.53 2-Monolinolein TMS 0.06 797

27 44.95 1,2-Dipalmitin TMS 0.16 740

28 45.32 1,3-Dipalmitin TMS 0.27 769

29 47.07 1-Monolinolein TMS 0.17 764

Steroids

23 37.39 Ergosterol derivative I 0.41 823

24 38.66 Ergosterol TMS 1.27 835

25 39.38 Ergosterol derivative II 0.13 930

26 40.11 Alpha-Sitosterol TMS 0.03 715
Pick: compound order identified in the chromatogram  
RMS: reverse matching spectrum factor (1000 = 100%) 
RT: retention time (min.)  
TMS: compounds found in a freeway, except acylglicerides and glycerol.

Figure 3. Antioxidant capacity on the chemical profile of R. toruloides 
oil Rt 10. (a) Antioxidant capacity of the lipid profile of yeast oil, (b): 
lipid group profile of yeast oil, (c): antioxidant capacity of the β-carotene 
standard.
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3.1.6. HPLC analysis of carotenes profile
The group of substances detected in Rf 0.85 was confirmed as 

carotenoids. This enriched fraction was isolated by preparative 
TLC (Figure 3). HPLC analysis of this fraction showed four 
compounds (Table 3). β-carotene content was 87.09% which 
corresponds to the antioxidant activity shown in Figure 3. 

The HPLC analysis showed that the enriched fraction was 
not a complex mixture. Peaks were identified from the typical 
absorption spectrum data, between 200-800 nm. The data for 
retention time (RT), wavelengths of maximum absorption 
(λmax), fine structure (% III / II), identification of carotenes, and 
the relative percentage area of the peak (Area%) contributed 
to the inferences about the identity of the constituents present 
when compared with data of reference standards (Table 
3). Analysis of the yeast oil by HPLC showed a b-carotene-
rich composition (Figure 5), corroborating the complex lipid 
composition presented by this oil. 

4. Conclusions
The TLC qualitative profile of the oil was an important tool for 

analysing plate bands by the colouration intensity and Rf, from 
which it was possible to classify all lipid subclasses present in 
the sample. Lipidomic techniques, plate TLC, and hyphenated 
chromatography detected and quantified substances that 
were not quantified previously, such as steroids, glycerol, 
acylglycerols, isomers, and compounds that were free in the 
oil. The antioxidant activity with DPPH- reagent showed a 
potential of the R. toruloides oil associated with the β-carotene 
present, evidencing the practicality of the TLC technique in 
determining the antioxidant capacity of the subclasses present 
in a complex matrix, with low cost and speed.
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