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Abstract

To improve cultivation or extraction methods for maximum lipid yield, a fast and reliable
quantitative determination of the lipid content of microalgae in cultivation medium is
desirable. Here, we investigated the applicability of Nile red staining for a rapid
quantification of neutral lipids in-vivo, without time-consuming intermediate steps like
lyophilization, drying or solvent transfer of lipids, previously required in conventional lipid
diagnostics. The studies were performed on Auxenochlorella protothecoides, reproducibly
cultivated in a temperature and pH-controlled photobioreactor (PBR). The basic procedure
of this method is to normalize the cell density of each sample to an optical density OD of 1.0
by employing a spectroscope. After staining of the normalized algal suspension, the relative
fluorescence intensity at 580 nm is measured and compared with results acquired by an
alternative lipid content determination method, i.e. the sulfo-phospho-vanillin (SPV)
method. A linear relationship between in-vivo fluorescence intensity and the lipid content
determined by the SPV method was found. It could be demonstrated that Nile red staining of
algal cells and successive fluorescence measurement is suitable for a fast and reliable
monitoring of the oil accumulation in algal cells during PBR cultivation. In the following
measurement and calibration, procedures will be discussed in detail.

Keywords: Nile Red, Fluorescence dye, Auxenochlorella protothecoides, Lipid monitoring,
Sulfo-Phospho-Vanillin-Reaction

Introduction

Microalgae are known to accumulate
considerable amounts of triglycerides
when starving for nitrogen [1-2] or when
interacting with bacteria [3]. Due to
depleting mineral oil resources and the
accumulation of greenhouse gases in the

atmosphere, microalgae biomass is a
promising sustainable option for the
production of biofuels [4] and a possible
future feedstock for biochemical industry.
Since costs for microalgae biomass
production nowadays still exceed revenues
from the biofuel market, current challenges
for an energetic use of microalgae biomass
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are the efficient and economic cultivation
[5-7] and the development of energy-
saving downstream processes for -cell
content extraction, e.g. lipids. In order to
develop and to optimize processes for lipid
extraction from microalgae, a simple,
reliable and reproducible determination of
the lipid content of the feedstock to be
processed is essential.

Well-established methods like solvent
extraction [8] or gas or liquid
chromatography [9, 10] are complex, time-
consuming and in most cases require
sophisticated background knowledge for
attaining reproducible results. Thus, the
development of new methods for fast and
efficient monitoring of the oil accumulation
in algae during cultivation is required.

However, some efforts have been made to
upgrade methods based on fluorescent
dyes or optical measurements [11-14].
Direct microscopic  analysis allows
visualization of oil bodies and analysis of
sub cellular structures, but a microscope
based imaging diagnostics for oil content
determination requires the processing of a
large amount of microscopic images.

Recently a Raman micro-spectroscopy
method was introduced for evaluating the
oil composition of living marine diatoms in
conjunction with a chemometric method
[15]. It enables the observation of real-time
variations in individual lipids in diatom
cells without specific treatment or oil
extraction. In another study, Raman micro-
spectroscopy was used to map the
presence of botryococcenes in the
extracellular matrix and intracellular oil
bodies of a Botrycoccus braunii colony,
indicating that this method could be
applied to determine when oil levels are of
both maximal quality and quantity for cell
harvesting [16]. Up to now, the limiting
factor of this method is the low number of
cells analyzed per sample (around 30)
which provides a poor average.

A spectrophotometric method based on
Sudan Black B has been reported to be
successfully used for the determination of
lipids suspended in fermentation broth, but
not inside individual cells [17]. Another

disadvantage of this type of dye is its non-
specificity. Sudan Black B stains a variety of
lipids, including phospholipids and sterols
and not only the neutral fat of algal oil-
bodies.

Methods using fluorescent dyes, which are
soluble in lipids or bind to specific groups
of lipid molecules, have been reported in
[18, 19]. A major disadvantage of methods
based on fluorescent compounds is that
they require a large amount of lyophilized
biomass. Furthermore, non-specific
staining of cell or organelle membranes,
insufficient fluorescent emission or the
interference with autofluorescence
imposes additional limitations.

Recently a screening method for lipid
detection in lyophilized algae powder
based on Nile red (NR) fluorescence was
reported [14]. However, sampling and
preparation time can be reduced if the lipid
content of algal cells is measured in situ,
e.g. without previous lyophilization.

In the presence of polar and non-polar
lipids, NR shifts its specific emission
spectra from red to yellow [13].
Accordingly, phospholipids, which are
mostly present in membranes, in general
emit in red whereas oil-bodies composed of
neutral lipids like esterified cholesterol and
triglycerides [20, 21] fluoresce in yellow.
These properties perfectly qualify the
fluorescent dye NR for the monitoring of
intracellular stored lipids in cells in
cultivation medium. Moreover, processing
route assessment work [22] pointed out
that wet processing of microalgae exhibits
a considerable potential for an energy-
efficient production of biofuels. In this case,
a diagnostic method for lipid content
determination applied to wet microalgae
biomass is desirable.

The goal of this work was to prove the
hypothesis if NR fluorescence method is an
adequate and fast method to detect the
amount of intercellular neutral lipids of an
algae suspension without any time-
consuming intermediate procedures like
lyophilization, drying or solvent transfer of
lipids. The main improvement was to
replace these procedures by using a cell
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suspension of normalized OD, which has a
reliable equal number of cells 10 ml-1. For
this purpose, we combined the fluorescent
measurement with a spectroscopic method,
e.g. optical density (OD) measurement for
adjusting the cell density to a normalized
OD of 1.0. Finally, we show that the lipid
content of a microalgae suspension with a
“normalized” cell density can be specified
by using the NR-fluorescence method
described in this work.

Materials and Methods
Cultivation of Microalgae

The strain Auxenochlorella protothecoides
strain number 211-7a was purchased from
Sammlung von Algenkulturen (SAG,
Gottingen, Germany). A. protothecoides is a
green algae with an adequate lipid
inventory, when cultivated under nitrogen
starvation [1-2]. The cells were grown in a
26 L annular bubble column photo-
bioreactor (PBR), in a modified TAP (TRIS-
acetate-phosphate) culture medium,
prepared as described by Gorman and
Levine, 1950 [23]. The pH of culture
medium was adjusted to pH7 after
autoclaving. The temperature of the
cultivation medium was regulated to 25°C
by water cooling through an internal
metallic tube. The CO,-flow was adjusted to
2.5v. % in sterile air at a flow-rate of
60 L-h'l. The PBR was continuously
illuminated (600 pmol s'm2) by 8 radially
arranged fluorescence lamps (Osram
fluora, 36 W).

Fluorescence Microscopy and Imaging

NR stained A. protothecoides were analyzed
by light- and fluorescence microscopy
(Axioplan 2 imaging, Zeiss, Germany).
Images were captured with a cooled CCD
camera (Zeiss AxioCam HRc) using 63x
objective (Zeiss LD Plan-Neufluar). NR
emission was observed with 460+10
excitation and 515 long pass emission filter
(Zeiss filter set 09) and with 546+12
excitation and 575-640 band pass emission
filter (Zeiss filter set 20). To prevent dye
bleaching, the light exposure time of the
samples was limited to 1-5 seconds by
using the shutter control of the Axiovision

software. Multichannel fluorescence
images of NR stained algae cells were
acquired using the multidimensional
acquisition procedure.

Determination of Lipid Content by NR
Fluorescence Spectroscopy

The algal suspension was harvested from
the PBR during cultivation and adjusted to
a cell density which corresponds to an OD
(at 750 nm) of 1.0 (+/- 0.05). For adjusting
the OD, the cell suspension was diluted
with water right before spectroscopic
measurement (Genesys 10S  UV-VIS,
Thermo Scientific). Cellular density was
verified by cell counting using a
haemocytometer (Neubauer, Marienfeld
Germany) and an optical microscope
(Axioplan 2 imaging, Zeiss Germany). Nile
red (5H-Benzo[a]phenoxazin-5-one, 9-
(diethylamino)-) was purchased from
Invitrogen, Karlsruhe, Germany. To 1.6 mL
of the microalgae suspension (at OD = 1.0),
400 pL of NR stocking solution (30 pg mL1
in dimethylsulfoxide, DMSO) was added
and the tube was vortexed vigorously.
Staining was performed within 10 min in
the dark. Afterwards the cells were washed
twice and harvested by centrifugation for
S5min at 98 g The supernatant was
discarded and the cells were resuspended
in 2 mL of water. Final concentration of NR
during staining was 6pugmL?l. The
emission fluorescence spectra of NR
(emission: 540-750 nm) were acquired by
a fluorescence spectrophotometer (Cary
Eclipse, Varian USA) using an excitation
wavelength of 495 nm (both slit set at
5nm). Reference lipid suspensions were
obtained by a dilution of coffee cream
(12.0 g fat per 100 g cream). Diluted cream
suspensions of definite concentration
(0.012 to 0.480 g L'1) were mixed with NR
solution in DMSO of different concentration
(2, 4 and 6 pgmL1) and agitated on a
vortex. The relative fluorescence intensity
of this reference lipid suspension was
analyzed within 20 min after staining by
the fluorescence spectrophotometer.
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Determination of Lipid Content by the
Sulfo-Phospho-Vanillin (SPV) Method

Sulphuric acid, o-phosphoric acid, standard
olive oil and vanillin were purchased from
Carl Roth GmbH, Karlsruhe, Germany. A
volume of 1mL of algal suspension,
adjusted to an OD of 1.0, was centrifuged at
98 g for 5min, the supernatant was
discarded and the cell pellet was re-
suspended in 200 pL of deionized water.
Afterwards 20 pL of the algal suspension
were transferred into a glass vial
containing 400mL of concentrated
sulphuric acid. The vials were shaken on a
vortex shaker, heated for 15 min in a block
heater at 110°C and then cooled to room
temperature. To each tube 3 mL of vanillin-
reagent (0.2 % in 60 % o-phosphoric acid)
were added, the vials were shaken on a
vortex shaker and then incubated in the
dark at room temperature for 30 min. The
absorbance at 525 nm was measured using
a spectrophotometer (Genesys 10s,
Thermo Fisher Scientific). The lipid content
was calculated by using a calibration curve
obtained by repeating the above described
method with a lipid standard (standardized
olive oil, Carl Roth, Germany, type no.:
8873, in absolute ethanol) [24]. The
standard solution had a concentration of
0.1-10 g of total lipids in ethanol.

Gas Chromatography Analysis

For gas chromatographic (CQ)
quantification and characterization of algal
oil, the lipids were extracted from
microalgae according to Folch, Lees and
Sloane Stanley procedure [25] and
methylated as described by Lepage et al
1986 [26]. After extraction, the recovered
algal oil was hydrolyzed and the released
fatty acids were methylated by acetyl
chloride. Samples were analyzed by gas

chromatography-mass spectrometry using
an Agilent 7890A a CG system equipped
with a Supelco SPB™-PUFA Fused Silica
Capillary Column. The peak area of each
fatty acid species was normalized based on
an internal standard.

Results

Microscopic Analysis of NR Stained
Microalgae

A. protothecoides cells stained with NR
show a characteristic yellow fluorescence
when observed by fluorescence microscopy
with the long pass emission filter set 09.
The yellow fluorescence emission is
assigned to NR dye incorporated into oil
bodies inside the algae, while the red
emission originates from the characteristic
autofluorescence peak of chlorophyll A
(middle image in Fig. 1). When observing
the same sample with the band pass
emission filter set 20 (546+12 575-640,
Fig. 1 bottom), the disturbing red emission
of chlorophyll is blocked while the
fluorescence emission of NR from oil
bodies and the cell membrane is clearly
visible. Unstained algae cells only show red
fluorescence emission from chlorophyll.
Contrary to NR solution in lipids, NR
fluorescence emission from dye molecules
solved in water or in other polar solvents
can be neglected.

In general, old algae cells contain an
increased number of large oil bodies
compared to younger cells, which do not
exhibit intracellular oil bodies. The average
diameter of the oil bodies of 1.2 + 0.4 um
was determined by microscopic
measurement and evaluated by Axiovision
software.
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Fig. 1. Images from an identical sample of a suspension of the green alga A.
protothecoides, stained with the fluorescent dye Nile Red observed by bright field
microscopy (above) and fluorescence microscopy (bottom) using filter set 09 and 20,
respectively. Stained oil bodies are visible inside the cells in yellow color (filter set 09,
middle) or in red when observed with the band pass emission filter set 20 (bottom).

Spectrofluorimetric Characterization of
NR Stained A. protothecoides

As shown in Fig. 2, NR stained A
protothecoides cells have a specific
emission peak at 598 nm when excited at
495 nm. Stained cells as well as unstained
cells also have an emission peak at 678 nm,

which is the characteristic
autofluorescence peak of chlorophyll A. NR
exhibits rather low background

fluorescence, when it is not dissolved in a
lipid-rich environment. Following, the
background fluorescence emission can be
neglected for further evaluation.

900

Tests on the influence of staining time on
fluorescence emission intensity of NR
stained algae cells revealed that a staining
time longer than 10 min does not increase
the relative fluorescence intensity.

In order to test the influence of cell density
on fluorescence intensity, algae
suspensions with a cell concentration in
the range of 2x108 - 5x10%8 mL-1 which
corresponds to an OD between 0.4 and 1.0
were used. Best fluorescence signal could
be obtained with a cell density
corresponding to an OD of the suspension
of 0.8to 1.0. At higher cell densities, the
fluorescent emission was quenched.
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Figure 2: Emission spectrum of Nile Red stained algae cells (black) having an emission
peak at 598 nm. Unstained cells (red) show only an emission peak at 678 nm which can
be assigned to the characteristic autofluorescence peak of chlorophyll.

Christian A. Gusbeth, Christian Eing, Martina Gottel, Ralf Straffner and Wolfgang Frey (2016),
International Journal of Renewable Energy and Biofuels, DOI: 10.5171/2016.899698



International Journal of Renewable Energy and Biofuels 6

Monitoring of the Oil Accumulation
during Cultivation

In a first approach, we investigated the
behavior of the fluorescence intensity of
NR stained algae cells sampled periodically
from PBR, focusing on the relative
quantification of the lipid content. Prior to
staining, the algae cell density was adjusted
to an OD of 1.0, which in the following is
defined as our reference cell density for all

450

measurements. The duration of the
cultivation was 50 d. After 30 d, the PBR
was partially harvested. As shown in Fig. 3,
the relative fluorescence intensity of algae
cells stained by NR (solid curve) increased
during cultivation, indicating an oil
accumulation inside the algae cells. The
diagram shows cell density (Fig.3, dots)
and lipid content of the reference algae
suspension, exhibiting always the same cell
density (OD = 1.0).
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Figure 3: Monitoring of algal growth (¢) by measuring the OD at 750 nm. The lipid
accumulation (*) is indicated by the relative fluorescence emission (587 nm) of algae
cells stained by Nile Red. In all cases, prior to fluorescence measurement, the cell density

was adjusted to a reference density of OD =

1. The algae culture was partially harvested

after 30 d.

During the first 30 d of cultivation, the lipid
content only slowly increases at the
beginning of the cultivation and increases
faster, when the cell density approaches
the stationary phase. At day 30, half of the
algae suspension of the PBR was harvested
and replaced by fresh cultivation medium.
Whereas cell density recovers fast, the lipid
content did not significantly rise before day
50. This demonstrates that cell density and
lipid content are not correlated directly.
This result nicely indicates that lipid
accumulation in microalgae predominantly
occurs in stationary phase [27-29].

The large fluorescence intensity at the
beginning of the cultivation is due to the
high oil content of inoculums cells, which
were cultivated mixotrophically for more
than 4 weeks. These high intensity values
decrease during the first days of cultivation
in PBR due to the high metabolic activity
right after inoculation and due to the
increased cell division. As already
mentioned in chapter 3.1, younger cells do
not produce lipid droplets.

The Quantification of Lipid Content

For further quantification of this method,
the relation between relative fluorescence
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intensity and lipid content was determined
by the binding of NR to fat globules of a
milk emulsion and by varying the fat
concentration. Although the emission peak
of NR from stained fat globules is shifted to
588 nm due to an unavoidable residual
concentration of DMSO in the emulsion, the
curves reflect the relationship between
lipid concentration and fluorescence
emission well. Fig. 4 shows a microscopic
fluorescence image of fat globules stained

with NR. Compared to Fig. 1, middle, the fat
globules exhibit the same fluorescence
emission and have a size distribution with
an average diameter of 1.2 + 0.4 um. The
same size distribution was obtained for
lipid droplets in algae cells, cf. chap. 3.1.
For this condition, it is possible to assign
the relative fluorescence emission from fat
globules of a known concentration in
emulsion to the lipid concentration in
algae.

Figure 4: Milk emulsion stained by Nile Red and observed by fluorescence microscopy
using filter set 09 (Zeiss, Germany). The average diameter of fat globules is 1.2 + 0.4 pm.
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Figure 5: Effect of the fat concentration, 0.01-0.48 g L1, on Nile Red fluorescence probes,
with Nile Red of 2, 4 and 6 pg mL-1.

Important for applicability of this method
is that fluorescence intensity linearly
increases with fat concentration. The effect
of NR concentration on lipid quantification
is shown in Fig. 5. NR concentrations of 2, 4
and 6- mg L1 were tested in milk emulsions
of increasing fat globules density in the

range between 0.012 and 0.480 g L-1. The
relative fluorescence intensity of the milk
emulsion of each concentration was
analyzed within 20 min after NR staining.
As shown in Fig. 5, a concentration of
6mgL! NR is necessary to cover the
required lipid concentration measurement
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range up to 0.48gL1l Within this
concentration range, the relative
fluorescence intensity is linearly correlated
to the fat concentration, according to the
following equation: (D
Intensitynyiie rea = 918.3 X Fat concentration

[g L-1]. The coefficient of determination for
this relation is R?2 = 0.991.

Up to this point, a correlation between the
lipid content of a culture medium sample
containing algae cells at O0OD=1.0
(reference suspension) and the NR
fluorescence intensity is available. Final
objective of this method is to give a
correlation to the lipid content of dry
biomass. This correlation can be given by
determining the dry biomass weight of the
reference suspension (OD =1). Therefore,
40 ml of a reference algal suspension were
washed twice by centrifugation and re-
suspended in deionized water. After
washing, the pellet was dried at 80°C until
the weight of the sample remains at a
constant value. Applying the above
described method, the dry biomass
concentration of the reference algae
suspension was determined to
0.67+0.06 g kgt. The knowledge of the dry
biomass concentration of the reference
algae suspension allows the deduction of
the lipid content of dry microalgae from
fluorescence  intensity = measurements
performed on microalgae stained by NR
and suspended in cultivation medium. This
correlation between NR fluorescence
intensity acquired at 590/10 nm and the
resulting lipid content of the dry algae
biomass is given for four samples obtained
during microalgae cultivation in PBR, cf Fig.
5, and summarized in Table 1. The lipid
concentration related to dry microalgae
biomass was calculated according to
equation (1) and Fig. 5.

To verify the lipid content of the algae
samples, the SPV method, which in
meanwhile is well established for algae
lipid content determination [30], was
employed. Data are shown as means from

two independent experiments. Significant
differences of oil content values calculated
by NR and SPV method were analyzed
using ANOVA followed by unpaired t-test;
p-value>0.05 and p(T<=t) two tails > 0.05,
Table 1. This analysis indicates that the two
methods predict similar oil content values.

In order to verify whether the composition
of standard oil, used for calibration of the
SPV-method, correspond to the main
composition of microalgae oil, a gas-
chromatographic analysis was performed.
The analysis show following fatty acid
composition of microalgae oil: C16:011-
12%; C18:0 3-6%; C18:1 39-42%; C18:2
35-38% and C18:3 4-9%. Values are
expressed in % recovery and represent the
means of three samples. Thus, the amount
of unsaturated fatty acids which are
practically detected by the SPV-method
was 78%-89%. The composition of the
standard oil differs from algal oil with
respect to the ratio of individual fatty acids,
see also [31]; however, if only the amount
of unsaturated fatty acids is considered,
than the composition is quite similar, 65%-
88% unsaturated fatty acids.

Discussion

The SPV reaction initially was developed as
a standard routine for determination of the
total lipid content in human cerebrospinal
fluid. The chemical basis of this
colorimetric reaction is the formation of a
charged colored complex of vanillin and
fatty acids in strong acidic milieu that
absorbs maximally at 525 nm [32, 33]. The
increase of absorbance at 525nm is
proportional to the amount of the formed
complex, and thus to the amount of lipids
available in the sample. For evaluation, the
measured absorbance of the sample is
compared to a calibration curve, obtained
from the analysis of a lipid standard. This
method has been adapted to extracted algal
lipids. In this case, olive oil is used as
standard. The results show a good linearity
in the range of 0.1 to 10 g L-! lipids, Fig. 6.

Christian A. Gusbeth, Christian Eing, Martina Gottel, Ralf Strdfiner and Wolfgang Frey (2016),
International Journal of Renewable Energy and Biofuels, DOI: 10.5171/2016.899698



9 International Journal of Renewable Energy and Biofuels

o
o

w
[=]
L
o
=
3

N
[}

N
=]
|
°
=)
)

2,0

-
3
L

Absorbance at 525 nm

-
(=}
L

o
3

y =0,287x+0,0189
R*=10,9998

0,0 T T
0,0 20 4,0

6,0

8,0 10,0 12,0

Olive oil concentration g/L

Figure 6: Calibration curve, obtained with the Sulfo-Phospho-Vanillin-Reaction, using
olive oil as standard. The insert shows a zoom of the oil concentration in the range of
interest between 0.1 and 2.0 g L.

For low concentrations, the results for the
lipid concentration of dry algae biomass
obtained by applying the SPV-method are
in general higher compared to the values
determined by the Nile-Red method and in
satisfactory agreement only at higher lipid
concentrations. This most probable is due
to a systematic uncertainty of the SVP
method. The vanillin complex binds to C=C
double bounds of the fatty acid chains of
the lipids [29]. Since algae oil standards are
not available yet, the C=C double bound
content of the oil standard (olive oil) used
for calibration is not necessarily the same
as assumed for algae lipids. In our case the
ratio of unsaturated to saturated fatty acids
of oil standard and algae oil was very
similar, as shown by the gas-
chromatographic analysis. Thus, this
uncertainty can be neglected. On the other
hand, by using the SPV method, the
concentration of all lipids, including the
lipids in cell membrane, is detected,
whereas in case of the NR method, the main
fluorescence emission originated from NR
incorporated into lipid droplets. Therefore,
a constant shift in concentration is
inevitable. To increase the precision of the
method, this amount can be subtracted by
detecting first the amount of lipids of a cell
suspension, which does not contain any oil
droplets. For some algae species, the SPV-
method may not be suitable, considering
that some have a very dense cell wall,
which influences the lipid extraction and
subsequently the results. Therefore,

another more precise analytical method
should be considered [33].

Thus, at the current state of work and
based on considerations above, the
accuracy of the NR method for the
determination of the absolute lipid content
of dry microalgae biomass can be
confirmed to be better than 25% for lipid
concentrations higher  than 10%.
Nevertheless, for applications, where a
determination of the absolute lipid content
is not required and the knowledge of the
relative fluorescence intensity is sufficient,
eg. for a determination of the best
harvesting time of algae cultures with
respect to comparable lipid content, the NR
method exhibits excellent suitability and
reproducibility due to the high linearity of
the fluorescence intensity over lipid
content within the usual concentration
range of intracellular stored lipids in algae
suspended in cultivation medium.

This study confirms NR to be an adequate
fluorescence probe for the detection of
neutral lipids in-vivo, avoiding drying of the
microalgae. In addition, the lipid content
inside algae cells in reference suspension
(fixed OD) can be quantified by combining
fluorescence  measurement and OD
measurement. When using DMSO for dye
solubilization, NR staining of algae
suspensions results in a strong and
reproducible fluorescence emission from
stained lipids inside the algae cells. This

Christian A. Gusbeth, Christian Eing, Martina Gottel, Ralf Strdfiner and Wolfgang Frey (2016),
International Journal of Renewable Energy and Biofuels, DOI: 10.5171/2016.899698



International Journal of Renewable Energy and Biofuels 10

was confirmed by fluorescence microscopy
imaging and fluorescence spectroscopy.

Conclusions

This work provides a simple and reliable
method for the monitoring of lipids in fresh
algae suspension (in-vivo) from PBR
cultivation. The NR method exhibits very
short processing times compared to
gravimetric and other methods which have
usually been wused for algal lipid
determination. The required processing
time is shorter than 30 min and the
required sample volume is less than 5 ml.
Essential preparation steps of alternative
methods, like time-consuming cell drying
or lyophilization, can be skipped.

Prior to staining, the algae suspension has
to be adjusted for a reference cell
concentration by setting the OD to a
definite value of 1.0. This intermediate step
provides linearity between the relative
change of the fluorescence intensity and
the quantity of lipids accumulated inside
the algae cells. Optimal staining of the
reference algae suspension was
accomplished by an NR concentration of
6 ug L1, Under these conditions, the NR
method  covers the wusual lipid
concentration range expected from lipid-
producing algae cells of up to 70% related
to dry weight. Up to this lipid
concentration, the relative fluorescence
intensity and the lipid concentration are
correlated linearly, which is a basic
condition for lipid quantification by optical
fluorescent techniques. On the first
approach, the accuracy of the results was
verified and statistically validated by
ANOVA and t-test. However, due to the
chemical nature and calibration
uncertainties of the SPV method, the
accuracy of the Nile-Red method is
suggested to be better than 20%, which has
to be verified by appropriate methods in
future work.
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