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METHODOLOGY

Key role of fluorescence quantum yield 
in Nile Red staining method for determining 
intracellular lipids in yeast strains
Sergio Morales‑Palomo1, Marta Liras2, Cristina González‑Fernández1 and Elia Tomás‑Pejó1* 

Abstract 

Background:  Microbial lipids are found to be an interesting green alternative to expand available oil sources for the 
chemical industry. Yeasts are considered a promising platform for sustainable lipid production. Remarkably, some 
oleaginous yeasts have even shown the ability to grow and accumulate lipids using unusual carbon sources derived 
from organic wastes, such as volatile fatty acids. Recent research efforts have been focused on developing rapid and 
accurate fluorometric methods for the quantification of intracellular yeast lipids. Nevertheless, the current methods 
are often tedious and/or exhibit low reproducibility.

Results:  This work evaluated the reliability of different fluorescence measurements (fluorescence intensity, total area 
and fluorescence quantum yield) using Nile Red as lipid dye in two yeast strains (Yarrowia lipolytica ACA-DC 50109 
and Cutaneotrichosporon curvatum NRRL-Y-1511). Different standard curves were obtained for each yeast specie. Fer‑
mentation tests were carried with 6-month difference to evaluate the effect of the fluorometer lamp lifetime on lipid 
quantification.

Conclusions:  Fluorescence quantum yield presented the most consistent measurements along time and the closer 
estimations when compared with lipids obtained by conventional methods (extraction and gravimetrical determina‑
tion). The need of using fluorescence quantum yield to estimate intracellular lipids, which is not the common trend 
in studies focused on microbial lipid production, was stressed. The information here provided will surely enable more 
accurate results comparison.

Keywords:  Fluorescence intensity, Gravimetric extraction, Lipid quantification, Nile Red, Fluorescence quantum yield, 
Oleaginous yeast
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Background
The use of vegetable oils as raw materials is not fulfilling 
the increasing demand of oleochemicals. Thus, micro-
bial oils are envisaged as interesting green alternatives 
to expand available oil sources for the chemical indus-
try. Yeasts stand out as the most promising microorgan-
isms in terms of microbial oils production since they 

can accumulate up to 80% of lipids per dry weight in 
their cells [1]. Moreover, they present high growth rates, 
short life cycles and versatility when it comes to utiliza-
tion of different substrates [2]. High lipid contents have 
been achieved in yeasts using sugars as carbon sources 
[3]. However, the use of glucose represents 60% to 80% 
of the overall production cost [4]. Thus, in the last years, 
research efforts have been focused to increase lipid pro-
duction in yeasts using low-cost carbon sources derived 
from organic residues, such as volatile fatty acids (VFAs) 
[5]. VFAs are organic acids regarded in the chemical 
industry as building blocks in the so-called carboxylate 
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platform [6]. These acids can be sustainably produced 
after the hydrolytic and the acidogenic stages of anaero-
bic fermentation of organic wastes. To this end, optimum 
performing strains are intensively searched in the con-
text of microbial oil accumulation from wastes. However, 
bioprospecting yeasts for lipids accumulation by means 
of conventional methods [7, 8] might be tedious, time 
consuming, reagent demanding and not environmentally 
friendly. To avoid these drawbacks, fluorometric meth-
ods have been proposed as feasible methods to measure 
lipids and easily identify strains with the ability to accu-
mulate them [9, 10]. Among the various fluorescent dyes, 
Nile Red has been widely applied given its high specificity 
for microbial neutral lipids determination, high stability 
and low cost [11, 12]. However, this method exhibits low 
reproducibility as stated in previous reports [13, 14]. Pre-
sumably, the non-reproducible values attained with this 
dye rely on the fact that most of the studies report their 
results in relative fluorescence units, such as fluorescence 
intensity [15, 16]. The fluorescence intensity, measured 
in arbitrary units, depends on the fluorometer used and 
the equipment lamp lifetime, giving rise to inconsist-
ent measurements that hinder results comparison [14]. 
Despite the importance of fluorescence quantum yield 
(фfl) in fluorescence spectroscopy [14], this parameter is 
often neglected in most of the biotechnological reports 
dealing with lipids accumulation in yeasts. In fact, the 
фfl is the most important parameter for the characteri-
zation of fluorescence materials, reaction pathways and 
probes behavior [17]. The International Unit of Pure and 
Applied Chemistry (IUPAC) defines фfl as the number 
of photons emitted by fluorescence pathway per pho-
tons absorbed by the system [18]. фfl is an absolute num-
ber that expresses the probability of emission of a given 
system and it is, therefore, a physical characteristic of a 
substance independent of external factors such a lamp 
lifetime, lamp intensity or fluorometer used.

This systematic investigation was designed to underpin 
the key role of фfl. To this end, the reliability of differ-
ent fluorescence measurements (i.e. fluorescence emis-
sion intensity (IE), total emission area (AE) and фfl) for 
direct estimation of yeast lipid content using Nile Red 
was evaluated. To unravel the effect of lamp lifetime on 
lipid determination based on the most common fluores-
cence measurements, fermentations tests were carried 
with 6-month time span to build standard curves using 
different carbon sources (yeast extract peptone dextrose 
medium (YPD) and VFA-rich synthetic media). Addi-
tionally, the reliability of each fluorescence measurement 
was confirmed by comparison with the values attained 
when conducting lipids determination by gravimetric 
analysis.

Results and discussion
Standard curve’s reliability along time
Yeast lipid content at 24 h of fermentation in Y. lipolytica 
ACA-DC 50109 and C. curvatum NRRL-Y-1511 grown in 
YPD and VFAs-synthetic media was determined gravi-
metrically and by fluorescence to build different stand-
ard curves with 6-month difference. Each cell sample 
was diluted in phosphate buffer solution (PBS) to differ-
ent OD600 (0.2, 0.4, 0.6, 0.8 and 1.0) for attaining different 
lipid content. By doing so, an accurate linear relationship 
between the fluorescence determination and the lipids 
determined gravimetrically was built. Cell samples col-
lected at the same fermentation time were subjected to 
fluorescence analysis by staining cells Nile Red and IE, AE 
and фfl were determined.

Figures  1 and 2 show the standard curves for lipid 
quantification in C. curvatum NRRL-Y-1511 and Y. lipo-
lytica ACA-DC 50,109 grown on YPD and VFAs-rich 
media in month-1 and month-7. As expected, no signifi-
cant lipid production was detected when using Sacha-
romyces cerevisiae Ethanol Red™ strain in YPD media, 
indicating that this methodology was not affected by false 
positives. Although both C. curvatum NRRL-Y-1511 and 
Y. lipolytica ACA-DC 50109 are well-known oleaginous 
yeasts, standard curves obtained by the different lipid 
quantification methods (IE, AE and фfl) differed. In prin-
ciple, these differences could be due to their different cell 
membranes and lipid composition between yeast families 
[19]. Lipids surrounding membrane proteins are not only 
crucial for membrane structure and function but they 
might affect the physical properties of the membrane 
matrix (e.g. fluidity, thickness,…) [9, 20, 21]. The differ-
ent lipids in biological membranes could affect Nile Red 
penetration through the yeast membrane and its subse-
quent interaction with intracellular lipids. In this sense, 
previous reports have concluded that some yeast and 
microalgae strains require dimethyl sulfoxide (DMSO) as 
a carrier for Nile Red to penetrate the cells [15, 16, 22]. 
Despite increasing the fluorescence intensity, the incu-
bation time of Nile Red using DMSO can last 60  min 
[23]. This value is particularly long when compared to 
the 5 min required when using PBS (in this study). This 
suggests that there is no universal method for lipid deter-
mination in all microorganisms but methods should be 
specifically tailored to the particular oleaginous micro-
bial system. According to this, and in view of the data 
presented in Figs.  1 and 2, a standard curve should be 
stablished for each yeast species when determining lipid 
content by fluorometric means. 

In all cases, and independently of the fluorescence 
parameters employed to measure lipid content, the 
standard curves obtained obeyed a linear regres-
sion. More specifically, the correlation coefficient (R2) 
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reached values over 0.98 in all standard curves (Addi-
tional file  1: Table  S1). Regarding the IE (Figs.  1A, D 
and  2A, D for C. curvatum NRRL-Y-1511 and Y. lipo-
lytica ACA-DC 50109, respectively), lower R2 values 
were achieved in previous studies when a correlation 
between fluorometric and gravimetric methods was 
stablished using these two yeast strains for lipid quan-
tification (0.91 and 0.92, [16, 24], respectively). More-
over, the linear regression curves based on IE were 
completely different to the ones obtained herein. The 
reasons for those differences might be attributed to the 
different fluorometers used and/or the lifetime of the 
lamps. In this sense, Figs.  1A, D, 2A and D revealed a 
difference when comparing curves obtained at month-1 
and month-7 with both yeast strains. This corroborated 

the hypothesis that the lamp lifetime affected the lipid 
estimation, providing inconsistent and non-reproduc-
ible measurements over time. These results were in 
good agreement with what De la Hoz Siegler and co-
workers [13] observed after determining the correla-
tion between IE and lipid content (% w/w) using four 
different microalgae strains. Even if the correlation 
coefficient was greater than 0.99 in all cases, this inves-
tigation reported that each standard curve was specific 
for the fluorometer, sets of filters and age of the lamp 
used. Thus, a recalibration of the standard curve was 
recommended for each experiment to verify the linear-
ity of the relationship between IE and lipid content. To 
circumvent specific equipment features affecting the 
fluorescence results, it is necessary to rely on absolute 
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Fig. 1  Standard curves obtained using IE (fluorescence emission intensity) (A, D), AE (fluorescence emission area) (B, E) and фfl (fluorescence 
quantum yield) (C, F) from C. curvatum NRRL-Y-1511 grown in YPD and VFAs (○: month-1, ●: month-7), respectively
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responses rather than relative ones. To this end, фfl was 
proposed as a reliable parameter for the determination 
of lipid content in yeast (and any other microbial sys-
tem). As observed in Figs. 1C, F and 2C, F for C. cur-
vatum NRRL-Y-1511 and Y. lipolytica ACA-DC 50109, 
respectively, the standard curves obtained with фfl pre-
sented the greatest stability and reliability because фfl 
was not only governed by the linear equation, but by 
the conversion from AE to фfl (as it can be seen in Eq. 1) 
which helps to minimize the analytical error. These 
findings underpinned the key role of фfl as an appro-
priate fluorescence measurement when determining 
microbial lipid content. By using фfl for lipid quantifi-
cation, the lamp lifetime and differences in equipment 
can be disregarded. It can be thus stated that lipid 
determination via fluorescence should be based on 
фfl, and not on other fluorescence parameters that can 

lead to inaccurate values. In this sense, the фfl standard 
curves provided in this article could be employed by 
other researchers using the same yeast strains. 

Lipid quantification with different standard curves
Lipid content in cell samples obtained in month-1 or 
month-7 with C. curvatum NRRL-Y-1511 or Y. lipolytica 
ACA-DC 50109 and glucose or VFAs as carbon source 
was quantified using the standard curve built at the same 
month (i.e. cell samples from month-1 fermentation were 
analyzed with month-1 standard curves and cell samples 
from month-7 fermentation were analyzed with month-7 
standard curves). As shown in Fig. 3A and D, there were 
no significant differences (p > 0.05) in the lipid content (% 
w/w) using IE-based standard curves when fermentations 
were performed with 6-month difference regardless the 
yeast species and the carbon source (glucose or VFAs). 
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Fig. 2  Standard curves obtained using IE (fluorescence emission intensity) (A, D), AE (fluorescence emission area) (B, E) and фfl (fluorescence 
quantum yield) (C, F) from Y. lipolytica ACA-DC 50109 grown in YPD and VFAs (○: month-1, ●: month-7), respectively



Page 5 of 10Morales‑Palomo et al. Biotechnology for Biofuels and Bioproducts           (2022) 15:37 	

However, the clear increase in error bars in lipid con-
tent estimated with month-7 curve when compared to 
month-1 (significant differences in variances (p < 0.05)), 
corroborated that the lamp lifetime affected the meas-
urement giving rise to higher analytical error. The same 
tendency was observed when using AE-based standard 
curves for lipid quantification (Fig.  3B, E). Remarkably, 
when using фfl, the error bars in the lipid content quan-
tification were significantly reduced (Fig.  3C, F). Once 
again, these results pointed out to фfl as a consistent and 
reliable parameter for lipids quantification in yeasts. The 
fact that no differences were observed on lipid estimation 
when using glucose or VFAs standard curves highlighted 
as well the appropriateness of this methodology despite 

the carbon sources employed in the fermentations. Given 
the similarities of VFAs with fatty acids, a possible inter-
action of VFAs with Nile Red has been reported [25, 26]. 
Therefore, in order to avoid false fluorescence signals 
when using VFAs medium together with Nile Red, it is 
highly recommended to conduct a throughout wash of 
the samples. Different culture media can affect inherent 
features of yeast cells (cell morphology, lipid droplet size 
or cell wall thickness) [27]. However, as it can be seen in 
Fig.  3, no remarkable differences were observed despite 
the different carbon sources employed for yeast cultiva-
tion. Thus, the feasibility of this methodology was con-
firmed for lipid determination from different carbon 
sources. Many researchers have tried to optimize the 
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Fig. 3  Lipid content (% w/w) in cells from fermentations performed in month-1 and month-7 estimated using standard curves obtained at 
month-1 (M1) and month-7 (M7), respectively. Curves based on IE (fluorescence emission intensity) (A, D), AE (fluorescence emission area) (B, E) and 
фfl (fluorescence quantum yield) (C, F). *G: lipids in cells grown in glucose media; *V: lipids in cells grown in VFAs-rich media
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fluorometric method by investigating the effect of bio-
mass concentration, use of carriers for dyes penetration 
or the use of different staining dyes, concentration or 
incubation time [13, 28, 29]. Results are always displayed 
in terms of relative units, while the solution to avoid 
inconsistent measurement would be the use of fluorim-
eter absolute values, as the фfl provides.

Correlation between Nile Red and gravimetric method 
for lipid content determination in yeasts
To validate the use of the proposed method based on фfl, 
a comparison of lipid content determination using gravi-
metric and fluorometric methods was performed. Lipids 
from C. curvatum NRRL-Y-1511 and Y. lipolytica ACA-
DC 50109, obtained from fermentations performed in 
month-7 in both YPD and VFAs-synthetic media, were 
extracted after 24  h and 48  h of fermentation and their 
content (% w/w) was gravimetrically determined. The 
different fluorescence parameters (IE, AE and фfl) were 
also measured to determine lipid content in cells from 
the same fermentation sampling times (24–48  h). Since 
no differences in the фfl-based standard curves obtained 
with glucose and VFAs were observed (Fig. 1C, F and 2C, 
F), month-7 standard curves obtained using the media 

with VFAs were used to process all fluorometric data. As 
shown in Fig. 4, lipid content obtained with IE, which is 
the most common method used when conducting this 
type of yeast screenings [23, 29], presented the highest 
error bars. Furthermore, significant differences (p < 0.05) 
were observed in the lipids content obtained when using 
the gravimetric method and IE. This later mismatch can 
be seen in the data collected with both yeast species inde-
pendently on the carbon source (glucose or VFAs) at 48 h 
(Fig. 4). In the case of C. curvatum NRRL-Y-1511 (Fig. 4), 
the differences in terms of lipid content were even more 
significant when IE and AE were compared with the gravi-
metrically determined lipids at 24  h. Regardless of the 
yeast species and carbon sources employed for the fer-
mentations, фfl provided the most consistent measure-
ments and presented greater correlations with the lipid 
content gravimetrically obtained (no significant differ-
ences in means were observed at 24  h and 48  h of fer-
mentation (p > 0.05)).

These results, together with those mentioned in the 
above sections, supported the need of using фfl when 
standard fluorescence methods based on Nile Red are 
employed to estimate intracellular yeast lipids. The use 
of фfl enabled the closest correlation between the lipids 
content determined by fluorescence and conventional 
gravimetry.

Lipid contents of 43.4% w/w [30] and > 70% w/w 
(unpublished results) were achieved with the same Y. 
lipolytica ACA-DC 50109 strain and determined with the 
methodology described herein. These facts indicated that 
the фfl could also be used to quantify large amounts of 
lipids not being affected by possible saturations.

Conclusions
In this investigation, фfl was demonstrated to be a key 
factor when determining lipid content in yeasts. Lipid 
content in two different yeast strains (C. curvatum 
NRRL-Y-1511 and Y. lipolytica ACA-DC 50109), grown 
on different carbon sources (glucose and VFAs), was suc-
cessfully determined using фfl. Unlike other protocols 
based on IE, robust and consistent linear фfl standard 
curves were stablished for each yeast strain, which can 
be used in other investigations. The фfl protocol can be 
reproduced in any laboratory since the measurements do 
not depend on external factors. The use of фfl provided 
equal lipid content to that obtained after gravimetry 
determination. This investigation will for sure enable sci-
entists to better compare results.

Methods
Oleaginous yeast strains and preinoculum preparation
Yarrowia lipolytica ACA-DC 50109 (culture col-
lection of Agricultural University of Athens) and 
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Cutaneotrichosporon curvatum NRRL Y-1511 (previously 
known as Cryptococcus curvatus and recently also named 
as Cutaneotrichosporon oleaginosus) were used for lipid 
production and determination using different carbon 
sources, namely VFAs and glucose. Saccharomyces cer-
evisiae Ethanol Red™ was used as a negative control. S. 
cerevisiae was only used with 20 g/L of glucose because 
it is not able to use VFAs as carbon source. Yeast strains 
were kept in glycerol 30% (v/v) at -80  °C. Yeasts were 
grown on YPD agar plates (10  g/L yeast extract, 20  g/L 
peptone, 20  g/L glucose and 20  g/L agar). Pre-cultures 
were performed by inoculating a colony of the specific 
strain in YPD liquid medium (same composition as men-
tioned above, except for the agar) and incubated over-
night in a rotary shaker at 170 rpm and 27 ºC, until the 
culture reached the exponential growth phase.

Fermentation conditions
100  mL of YPD liquid medium or VFAs-synthetic 
medium were used as fermentation media. VFAs 
medium contained 10.3 g/L acetic acid, 0.2 g/L propionic 
acid, 2.7 g/L butyric acid, 0.3 g/L valeric acid and 1.8 g/L 
hexanoic acid, mimicking the VFAs profile and concen-
trations exhibited in real digestates obtained from the 
anaerobic fermentation of food waste [31].

All fermentations were inoculated with yeast cells to 
reach an optical density at 600  nm (OD600) of 1. Tripli-
cates of each experiment were carried out in 250-mL 
Erlenmeyer flasks with baffles at the bottom to promote 
aeration. Each flask contained 100  mL of fermentation 
medium. Initial pH was set at 6.0 using NaOH 3 M and 
not further adjusted during fermentation. Fermentations 
were performed in a rotary shaker at 170 rpm and 27 ºC 
until 95–100% carbon source (i.e. glucose or VFAs) was 
consumed. 1-mL samples were taken periodically from 
0 h to 48 h of fermentation to analyze glucose and VFAs 
consumption, cell growth and lipid content.

The first batch of experiments with both yeast strains 
(Y. lipolytica ACA-DC 50109 and C. curvatum NRRL-
Y-1511) and both fermentation media (YPD and 
VFAs-synthetic media) was performed in month-1. To 
determine the effect of lamp lifetime, experiments were 
repeated in month-7 under exactly the same conditions. 
It is worth mentioning that the lamp was actively used for 
70 h/month during this period of time.

Growth and biomass determination
Yeast growth was evaluated by measuring OD600 of the 
cultures (Spectroquant® Pharo 100 spectrophotometer). 
For dry weight determination, 5  mL of culture was fil-
tered through a pre-weighted 0.45 μm glass fiber mem-
brane (Millipore, MA, USA) and dried at 105 ºC until 
constant weight [32]. All lipid contents reported herein 

are in terms of biomass dry weight. In this manner, the 
mismatch associated to the different cell counts present 
when assayed at the same OD can be disregarded [21].

Analytical methods
VFAs and glucose were determined by liquid chroma-
tography with an Agilent 1260 HPLC-RID (Agilent, 
Santa Clara, CA, USA) equipped with a Cation H Refill 
Cartridge Microguard column (Biorad, Hercules, CA, 
USA) and an Aminex HPX- 87H ion exclusion column 
(300 × 7.8  mm I.D.) (Biorad). The mobile phase was 
5  mM H2SO4 and elution was performed in isocratic 
mode at a flow rate of 0.6 mL/min for VFAs and 0.5 mL/
min for glucose. The injected sample volume was 20 
μL. The oven and detector were set at 25  °C and 35  °C, 
respectively.

Fluorescence spectroscopy methods
Nile Red staining procedure
Nile Red (9-diethylamino-5H-benzo[a]phenoxazine-
5-one, Acros Organics) was dissolved in acetone to pre-
pare a stock solution at 1  mg/mL. Cells were collected 
from fermentation broths by centrifugation (5000  rpm, 
5  min) (Heraeus, Megafuge16, Thermo Scientific) and 
washed twice with 0.9% NaCl solution. Afterwards, the 
suspended cells in PBS were pretreated at 50 ºC in rotary 
shaker for 20  min and then cooled down to room tem-
perature. After pretreatment, the cell suspensions were 
stained with Nile Red at a final concentration of 1  µg/
mL. The stained samples were kept 5  min in darkness 
and subjected to fluorescence determination, since this 
time was selected as the most efficient staining period to 
achieve maximum fluorescence (Fig.  5B). Cells samples 
taken at 24 h were used for building the standard curves. 
In this case, cell pellets were suspended and diluted to 
different OD600 (0.2, 0.4, 0.6, 0.8 and 1.0) using PBS where 
different fluorescence emissions corresponded to differ-
ent OD600 of the cell sample (Fig.  5A). Lipid content in 
cells diluted at different OD600 was gravimetrically deter-
mined as explained below.

Fluorescence determination
Three parameters related with fluorescence determina-
tion were evaluated: (i) intensity of fluorescence emission 
(IE) as the number of counts in the maximum of the fluo-
rescence (ca. 570 nm) of each spectrum, (ii) fluorescence 
emission area (AE) as the area below each spectrum curve 
and, (iii) fluorescence emission quantum yield (фfl).

Two methods can be followed for фfl determination: 
(i) collecting the whole spatially distributed fluores-
cence emission or reconstructing this spatial profile by 
means of an integrating sphere detector (which is not 
always available in the commercial fluorometers) and (ii) 



Page 8 of 10Morales‑Palomo et al. Biotechnology for Biofuels and Bioproducts           (2022) 15:37 

comparative method that relies on the previous knowl-
edge of the фfl of some standard dyes in determined sol-
vents. The second one is most standardized method since 
it only requires simple light absorption and fluorescence 
measurements with conventional instrumentation. For 
this reason, this latter method was selected to calculate 
the фfl in this investigation.

The light absorption at the exciting wavelength (ca. 
488  nm; OD488 nm) of standard solution without cells 
and stained Nile Red cell suspension were determined 
by means of a Spectroquant® Pharo 100 spectrophotom-
eter. The fluorescence emission intensity of both solu-
tions, standard (IE(s)) and stained Nile Red cell suspension 
(IE), was determined by means of PerkinElmer® LS 55 
Fluorescence Spectrometer as the number of counts in 
the maximum of each fluorescence spectrum excited at 
488  nm. The area of both standard solution (AE(S)) and 
stained Nile Red cell suspension (AE) were determined 
mathematically by integrating their respective emission 
spectrum. As an example, Fig.  6 represents the absorb-
ance and fluorescence emission spectra of C. curvatum 

NRRL-Y-1511 cells stained with Nile Red and obtained at 
an exciting wavelength of 488 nm.

The фfl is calculated by employing Eq. 1:

where IA = 1− 10
−OD488nm ; AE fluorescence emission 

area; η refractive index of each solvent and ф(s) the quan-
tum yield of the standard solution (Nile Red dissolved in 
acetone фfl = 0.32, [33]).

Lipid extraction and gravimetric determination
Total lipid extraction was conducted using the method 
described by Folch [8] with some modifications [34]. 
Briefly, cell biomass (0.4 g/L) was centrifuged at 5000 rpm 
for 10 min at 4 ºC (Heraeus, Megafuge16, Thermo Scien-
tific) and dried at 105 ºC overnight. Dry biomass (around 
0.2 g dry weight) was mixed with a solution of chloroform 
and methanol (2:1 v/v) under reflux for 4 h. The extract 
was filtered (Watman N.1 paper) and 0.88% KCl solution 
was used to wash the organic phase. Samples were dried 
using anhydrous Na2SO4 (Sigma). The chloroform phase 
containing the lipids was evaporated using a Rotavapor 
R-215 (BUCHI) at 40 ºC and 350 mb of vacuum. Finally, 
total cellular lipids were gravimetrically determined and 
expressed as grams of lipid per grams of dry biomass (% 
w/w).

A parametric one-way ANOVA and F-test were used 
for the assessment of means and variances of microbial 

(1)φfl =

IA(s)AEη
2

IAAE(s)η(s)
2
φ(s)
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Fig. 5  Fluorescence emission of C. curvatum NRRL-Y-1511 cells 
stained with Nile Red with excitation at 488 nm at an OD600 of 
0.2, 0.4, 0.6, 0.8 and 1.0 (A); IE of Y. lipolytica ACA-DC 50109 (●) and 
C. curvatum NRRL-Y-1511 (○) cell broth stained with Nile Red at 
different incubation times (B)

Fig. 6  Absorbance and fluorescence emission spectra of C. curvatum 
NRRL-Y-1511 cells stained with Nile Red obtained at an exciting 
wavelength of 488 nm
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lipid content (% w/w) (confidence interval 90%), respec-
tively. Differences were considered significant at 
p-value < 0.05.
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