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Abstract In order to develop a practical approach for fast
and non-destructive assay of total fatty acid (TFA) and
pigments in the biomass of the marine microalga Nanno-
chloropsis sp. changes in TFA, chlorophyll, and carotenoid
contents were monitored in parallel with the cell suspension
absorbance. The experiments were conducted with the
cultures grown under normal (complete nutrient f/2 medium
at 75 μmol PAR photons/(m2s)) or stressful (nitrogen-
lacking media at 350 μmol PAR photons/(m2s)) conditions.
The reliable measurement of the cell suspension absorbance
using a spectrophotometer without integrating sphere was
achieved by deposition of cells on glass–fiber filters in the
chlorophyll content range of 3–13 mg/L. Under stressful
conditions, a 30–50% decline in biomass and chlorophyll,
retention of carotenoids and a build-up of TFA (15–45 % of
dry weight) were recorded. Spectral regions sensitive to
widely ranging changes in carotenoid-to-chlorophyll ratio
and correlated changes of TFA content were revealed.
Employing the tight inter-correlation of stress-induced
changes in lipid metabolism and rearrangement of the
pigment apparatus, the spectral indices were constructed for
non-destructive assessment of carotenoid-to-chlorophyll
ratio (range 0.3–0.6; root mean square error (RMSE)=

0.03; r2=0.93) as well as TFA content of Nannochloropsis
sp. biomass (range 5.0–45%; RMSE=3.23 %; r2=0.89) in
the broad band 400–550 nm normalized to that in
chlorophyll absorption band (centered at 678 nm). The
findings are discussed in the context of real-time monitor-
ing of the TFA accumulation by Nannochloropsis cultures
under stressful conditions.

Keywords Carotenoids . Microalgal biotechnology .

Nannochloropsis . Photoadaptation . Non-destructive assay

Abbreviations
Car Carotenoid(s)
Chl Chlorophyll(s)
DW Biomass dry weight
IS Integrating sphere
PFD Photon Flux Density
(T)FA (Total) fatty acids

Introduction

Up-scaling of microalgal photobiotechnology for the produc-
tion of value-added products such as long-chain polyunsatu-
rated fatty acids, storage triacylglycerols, and carotenoids (Car)
requires fast and reliable techniques, preferably non-
destructive, for on-line monitoring of the target product’s
content and the state of algal culture. These techniques provide
information, which is essential for timely and informed
decisions on adjustment of illumination conditions, medium
composition, and on the time for biomass harvesting. Often, the
decisions must be taken within hours and mistakes may lead to
a significant reduction in productivity or in a total loss of the
culture (Gitelson et al. 2000). Development of optical
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spectroscopy-based methods for non-destructive monitoring
of algal cultures requires deep understanding of the relation-
ships between changes in light absorption by algal cells and
underlying dynamics of their pigment and lipid contents. In
this work, we investigated the correlations between stress-
induced changes in fatty acid and pigment contents and the
effects of these changes on cell absorption spectra in the
microalga Nannochloropsis sp.

Nannochloropsis species (Eustigmatophyta), dwelling in
waters with high-nutrient loading such as coastal waters and
estuaries (Hibberd 1980) are widely used in marine aquacul-
ture being a rich source of ω3 eicosapentaenoic acid as an
indispensable food chain component for hatcheries (Renaud
et al. 1991; Lubzens et al. 1995). These species were also
suggested by several research groups as a promising source
of single cell oil for biofuel production (Boussiba et al. 1987;
Hodgson et al. 1991; Rodolfi et al. 2009) due to high content
of saturated and monounsaturated fatty acids accumulated
within triacylglycerols under stressful conditions. As
revealed by extensive literature search, in vivo optical
properties of Nannochloropsis were studied only by Owens
et al. (1987); then, more recently and in greater detail, by
Gitelson et al. (2000). In the latter work, reflectance and
specific absorption by chlorophyll (Chl) a were recorded
using advanced spectroradiometer fitted with an integrating
sphere (IS), and algorithms for quantitative retrieval of
biomass dry weight (DW) from remotely measured variables
were reported. To the best of our knowledge, no attempts has
been made so far to develop an approach for non-destructive
assay of pigments and total fatty acids (FA) in cell
suspension of Nannochloropsis using conventional spectro-
photometer lacking IS.

The main goal of this study was to follow spectral
absorption changes accompanying accumulation of FA by
Nannochloropsis cultures in order to devise approach for
quantitative assessment of FA from cell suspension absor-
bance measured with a conventional spectrophotometer
without IS. We believe that these findings may find
extensive use in the development of real-time monitoring
systems for Nannochloropsis cultures grown in photo-
bioreactors for large-scale production of lipids and other
value-added products.

Materials and Methods

Cultivation Conditions

Nannochloropsis sp. obtained in the Microalgal Biotechnol-
ogy Laboratory, J. Blaustein Institutes for Desert Research
was cultivated on complete and nitrogen-free f/2 medium
without vitamins (Guillard and Ryther 1962) in 600 mL glass
columns (4 cm ID) under constant illumination (by daylight

fluorescent lamps) of 75 μmol photons/(m2s) PAR (normal
conditions, NC) as measured in the center of the empty
column with L1-250 quantometer (LI-COR, Nebraska,
USA) and with constant bubbling of CO2: air mixture
(3:197, v/v) at 25°C. pH was stabilized by addition of
20 mM Tris buffer (pH 7.6). Initial Chl content was
maintained at 5 mg/L. Stressful conditions (SC) were
imposed as follows. Six-day Nannochloropsis sp. cultures
(in early stationary stage) grown under abovementioned
conditions were washed in double distilled water, resus-
pended in nitrogen-free f/2 medium to achieve the Chl
content of 33 mg/L (to avoid photooxidative damage), and
transferred to 350 μmol photons/(m2s) PAR. The DW,
pigment and TFA contents and composition (see below)
were determined once a day.

Pigment Extraction and Analysis

Chlorophyll a and total Car were extracted from Nanno-
chloropsis biomass with dimethyl sulfoxide for 5 min at
70°C with 5 mL per ca. 3.5 mg DW. The pigment
concentrations were determined spectrophotometrically
with a Cary 50 Bio spectrophotometer (Varian, USA) using
coefficients determined by Merzlyak and Khozin-Goldberg
(Solovchenko et al. 2010):

CChl a mg � L�1
� � ¼ 13:34 � A666 � 4:85 � A650

CChl b mg � L�1
� � ¼ 24:58 � A650� 6:65 A666:

Total Car mg � L�1
� � ¼ 1000 D480� 1:29 � CChl a � 53:76 � Chl bð Þ=220:

Fatty Acid Analysis

Capillary gas chromatography was used for fatty acid
quantification; the analysis was performed according to
Cohen et al. (1993). The data shown represent mean values
with a range of less than 5% for major peaks (over 10% of
fatty acids) and 10% for minor peaks, of at least two
independent samples, each analyzed in duplicate.

Spectral Measurements

The spectra of Nannochloropsis sp. cells were recorded with
the Cary 50 Bio spectrophotometer. In 1-cm glass cuvette,
the spectra of Nannochloropsis sp. cell suspension were
taken at two distances: as close as possible to, D(l; γ0), and
1 cm apart from the detector entry window, D(l; γI). In the
both cases, a cuvette with f/2 medium was used as a
reference. The scattering-corrected optical density spectra,
Dc(l), were then calculated as

DcðlÞ ¼ Dðl; gI Þ �
DgI

l0

DgI
l0
� Dg0

l0

� Dðl; gI Þ � Dðl; g0Þ½ �;
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where DgI
l0

and Dg0
l0
—light attenuance at 800 nm where

which pigments do not possess detectable absorption
measured as close as possible and 1 cm apart from the
detector window, respectively (for further detail, see Merzlyak
et al. 2008). The optical properties of the same samples were
determined using a modification of glass–wool filter tech-
nique by Mitchell (1990): the spectra were taken upon cell
deposition on 25 mm GF/F glass–wool filters (Whatman,
UK) against an empty filter soaked in f/2 medium. The wet
filters were mounted as overheads (deposited cells facing the
detector) on the output windows of cuvette compartment of
the spectrophotometer. Optical density of the filters, D f(l),
was expressed as –log10 T, where T is transmission. The
abovementioned scattering correction procedure was not
applied in the case of D f(l). It should be noted that the
filters were capable of retaining almost 100% of moisture
and hence possessed nearly constant optical properties for at
least 10 min. Taking into account the average time of spectra
recording (ca. 1 min), the procedure employed allowed for
reliable recording of D f(l).

Statistical Treatment

Average values of the results of three independent
experiments (with two analytical replications in each)
are presented in the figures. Statistics are not reported
since the coefficient of variation was small (less than
15%) and the difference among means was large (greater
than 3 SD).

Results

Absorption of Light by Nannochloropsis sp. Cells
in Suspension and on GF/F Filters

For selection of the optimal technique for recording spectra
of Nannochloropsis sp. cells using a spectrophotometer
without IS, the absorption spectra of the same diluted
(3.17–17.8 mg/L Chl) samples of the stock culture were
acquired both in standard spectrophotometric cuvette
(Dc(l); Fig. 1a) and as deposited on GF/F filters (D f(l);
Fig. 1b). No detectable sedimentation of the algal cells at
the floor of the cuvette was observed, at least during the
measurement period (30 min). Subsequent correction of the
measured spectra (see “Materials and Methods” section)
allowed to eliminate the contribution of light scattering to
the considerable extent as evidenced by the flat shape of
Dc(l) spectra in the NIR region (see the 700–800 nm range
in Fig. 1a, b). In the both arrangements, recording of
spectral data turned feasible in the [Chl] range of 3.17–
13.4 mg/L suspension (Fig. 1a, b). The spectra of diluted
suspensions ([Chl]>5.64 mg/L) recorded on filter appeared

to contain less noise (Fig. 1b) in comparison with those
taken using cuvettes (Fig. 1a). The spectra contained well-
resolved details attributable to Chl a absorption in the red
(the band centered at 676 nm) and to combined absorption
of Chl a and Car (shoulder at 480 nm and the maximum at
435 nm).

The analysis of the relationships between optical
density and Chl content in the diluted suspensions
(Fig. 1b, c) showed that the relationship ‘D f(l) vs.
[Chl]’ were linear in the whole range of the dilutions
studied and through the visible range and including the
bands of strong Chl (676 nm) and combined Chl and Car
(480 nm) absorption (insert in Fig. 1d). By contrast, the
relationship ‘Dc(l) vs. [Chl]’ departed from linearity at
[Chl]>10 mg Chl L−1 in the bands of strong pigment
absorption such as the red and Soret bands (insert in
Fig. 1c); in the regions of lower pigment absorption the
departure occurred at lower Chl contents (not shown).
Therefore, Dc(l) appeared to be linearly correlated with
D f(l) in the range of [Chl] between 13.4 and 4.23; at
lower or higher Chl contents this relationship was
disturbed (Fig. 2).

Biomass Accumulation and Biochemical Composition
of the Cultures

The cultures grown under NC (see “Materials and Methods”
section) showed the highest average rate of biomass (ca.
0.5 mg DW/d) attaining DW of ca. 2.2 g/L after 5 days of
cultivation (Fig. 3a, curve 1). Under SC biomass accumu-
lation decreased after the first day of cultivation; the average
biomass accumulation comprised ca. 0.2 mg DW/d (Fig. 3a,
curve 2).

The dynamics of Chl and Car content as well as their
ratios presented in Fig. 3b–d. The culture grown under NC
had the highest Chl content which reached ca. 50 mg/L by
the fifth day of cultivation and declined slightly thereafter
(Fig. 3b, curve 1). In the SC culture, Chl content showed
steady decline (Fig. 3b, curve 2). Total Car in the NC
culture followed nearly the same trend as Chl (Fig. 3c,
curve 1) resulting in an almost constant Car/Chl ratio
(Fig. 3c, curve 1). In the SC culture, Car content remained
essentially at the level of the initial culture (time 0)
amounting to 1.7 mg/L (Fig. 3c, curve 2). As a result, the
Car/Chl ratio in the SC culture increased almost three times
by the fifth day of cultivation (Fig. 3d, curve 2).

The NC cultures demonstrated no changes in TFA
percentage of DW (Fig. 4, curve 1). On the contrary, the
SC cultures attained three times higher TFA percentages,
TFA%DW, by the third day of cultivation and did not change
significantly thereafter (Fig. 4, curve 2). It is important to
note that the increase in TFA%DW in the SC culture was
tightly (r2=0.80) related with the rise of Car/Chl.
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Light Absorption by Nannochloropsis sp. Cell Suspensions
and its Correlation with TFA Content

A considerable increase in Car/Chl ratio was recorded in
response to cultivation under stressful conditions suggest-
ing an increase in relative Car content (Fig. 3d). To reveal
the effect of these changes on optical properties of the alga,
the comparative analysis of normalized to the red maximum
D f(l) spectra, D f ðlÞ � ½D f

676��1, and their differences,
ΔfD f ðlÞ � ½D f

676��1g, was undertaken (Fig. 5). The com-
parison of D f ðlÞ � ½D f

676��1 and ΔfD f ðlÞ � ½D f
676��1g

calculated for the SC and NC cultures revealed that
cultivation under stressful condition induces an increase in
contribution of compounds with attributable to Car resolved
maxima in the blue–green region of the spectrum. One
should also note a shoulder near 525 nm and negative peaks
in 650 and 690 nm in ΔfD f ðlÞ � ½D f

676��1g spectra of the
SC cultures (Fig. 5b). In the case of NC cultures, the

magnitude of ΔfD f ðlÞ � ½D f
676��1g was low throughout the

visible region (Fig. 5a).
The magnitude of D f ðlÞ � ½D f

676��1 closely correlated
with TFA%DW and Car/Chl ratio (Fig. 6, curves 1 and 2,
respectively). This correlation changed from strong nega-
tive (r=–0.98) in the 600–700 nm band governed by Chl
absorption to strong positive (r>+0.98) in the region of
combined absorption by Car and Chl (Fig. 6, curves 1, 2).
Accordingly, a strong (r2>0.81) correlation was found
between TFA%DW and D f

480 � ½D f
676��1(insert in Fig. 6),

D f
625 � ½D f

676��1and D f
700 � ½D f

676��1values (Fig. 6; Table 1)
calculated for both NC and SC cultures (insert in Fig. 6).
The correlations estimated for dataset comprises only by the
SC data was considerably higher (r2>0.97). In the NIR, the
region where pigments do not absorb, a weak correlation
(r<0.5) was observed.

Based on these findings, algorithms for estimation of
TFA and Car/Chl ratio in Nannochloropsis sp. cell

Fig. 1 Absorbance spectra of
the Nannochloropsis sp. culture
(75 μmol photons/(m2s) PAR,
complete f/2 medium) samples
measured a in suspension or b
on GF/F filters as well as their
relationships with chlorophyll
content (c and d, respectively)
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suspensions grown under different conditions were sug-
gested (Table 1). These algorithms allowed the determina-
tion of the TFA%DW in the full range studied (5–45% DW)
with a root mean square error (RMSE) of 3.23% regardless
of growth conditions; linear algorithm developed for the
subset of data obtained for the cultures grown under SC
allowed even higher precision of TFA assay (RMSE=
2.89%, Table 1).

Discussion

Intensive research efforts on large-scale microalgal cultiva-
tion for biofuel production require high-throughput quanti-
tative methods for fast and preferably nondestructive
analysis of neutral lipid content. A technique for in situ
screening of neutral lipid content was suggested recently
based on vital staining of algal cells with the lipid-soluble
fluorescent dye Nile Red (Elsey et al. 2007). The successful
application of this method, however, is limited by the
ability of the dye to penetrate the algal cell wall, which is
thick and rigid in some algal species. Therefore special
treatments are needed to increase the efficiency of the
method. Recently, we have shown that TFA content in two
strains of an oleaginous green alga (Parietochloris incisa)
could be assayed non-nondestructively via measurements of
scattering-compensated absorbance in the visible part of the
spectrum employing the high correlation between changes

in spectral properties of P. incisa cells and its TFA content
(Solovchenko et al. 2009, 2010). However, the optical
spectra of microalgal suspensions possess a significant
contribution of light scattering (Merzlyak and Naqvi 2000;
Naqvi et al. 2004; Merzlyak et al. 2008) distorting the fine

Fig. 3 The time-course of changes in a biomass accumulation, b
chlorophyll and c carotenoid contents and d their ratio in the
Nannochloropsis sp. cultures grown under normal (75 μmol pho-
tons/(m2s) PAR, complete f/2 medium; curves 1) or stressful
(350 μmol photons/(m2s) PAR, N-free f/2 medium; curves 2)
conditions

Fig. 2 The relationships between optical density of the same
Nannochloropsis sp. samples as shown in Fig. 1 measured in
suspension and on a GF/F filters
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structure of the spectra and hence interfering with the goal
of non-destructive analysis. The influence of scattering
could be decreased (but not eliminated completely) by
using spectrophotometers fitted with IS (Gitelson et al.
1996, 2000), which are expensive and not readily available
for routine analysis. In this work, the feasibility of
measurement of absorption spectra of Nannochloropsis sp.
cells with a simple spectrophotometer lacking IS was
established. Since the cells of the alga grown under our
experimental condition did not clot or fall on the cuvette
floor rapidly as is the case in P. incisa (Merzlyak et al.
2007), the spectral measurements could be performed either
on suspensions in standard 1-cm cuvettes or after deposi-
tion of the cells on glass–fiber filters such as GF/F (Fig. 1).
For the measurements in cuvettes, scattering compensation
according to Merzlyak et al. (2008) was essential for
obtaining spectra almost free from the influence of light
scattering (see Fig. 1a). On the other hand, this procedure

was not required for recording reliable spectra when using
the GF/F filter-based approach (cf. Fig. 1a, b). It is
important to note that D f(l) was linearly related to Chl
content (3.17–13.4 mg/L) of the algal suspension through-
out the visible range (Fig. 1d) whereas Dc(l) departs from
linearity at [Chl]>5 mg/L, especially in the regions of weak
pigment absorption such as the green region of the
spectrum (Fig. 1c). Interestingly, at ODs below 1.3
([Chl]≤13.4 mg/L), Df(l) was linearly related with Dc(l)
spectra (r2>0.99; Fig. 2). Only at Dc(l)>1.3 ([Chl]>
13.4 mg/L) the dependence {Df(l) vs. Dc(l)} became
non-linear and followed typical (Mitchell 1990) second-
order polynomial trend (Fig. 2). We emphasize that both
measurements in cuvettes and on GF/F filters allow
recording of Nannochloropsis sp. cell suspension absor-
bance spectra without using IS. Choosing between these
techniques, one should remember that each cuvette measure-
ment require at least two scans (Merzlyak et al. 2008) but
eliminates the need for deposition of the cells on the filter
required by the GF/F-based approach. In the present work,
the latter method was preferred for wider linear range and
lower noise in the spectra of low cell-density samples (cf.
lower four curves in Fig. 1a, b).

To reveal the relationships between observed changes in
spectral absorbance and adaptation of pigment apparatus
and lipid metabolism of the alga to the combined stress
(high light+lack of N), the changes in FA and pigment
contents were investigated (Figs. 3 and 4). An increase in
FA percentage of DW in the stressed Nannochloropsis sp.
culture (Fig. 4, curve 2) occurred on the background of
marked decline in Chl (Fig. 3b, curve 2) and less prominent
decline in Car (Fig. 3c, curve 2). This resulted in a gross
increase in Car/Chl ratio as compared with NC culture (cf.
curves 1 and 2 in Fig. 3d). This observation is consistent
with numerous reports about decline of Chl under stressful

Fig. 4 The time-course of changes in total fatty acid biomass content
(% of dry weight) in the Nannochloropsis sp. cultures grown under
normal (curve 1) or stressful (curve 2) conditions (see legend to
Fig. 3)

Fig. 5 The changes of normal-
ized to the red chlorophyll
maximum absorption spectra of
the Nannochloropsis sp. cultures
grown under a normal or b
stressful conditions and
corresponding difference spectra
(the culture age is indicated on
the figure). The spectra were
recorded after deposition of the
cells on GF/F filters
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conditions in many algal species, including those from the
genus Nannochloropsis (Renaud et al. 1991; Sukenik et al.
1989), obviously reflecting photoacclimation (Falkowski
and LaRoche 1991) and leading to a rapid increase in Car/
Chl ratio. At the same time, a stress-induced increase in
Car, characteristic of many microalgal species such as
chlorophytes from the genera Dunaliella (Borowitzka and
Siva 2007; Jahnke 1999; Oren 2005; Rabbani et al. 1998;
Salguero et al. 2003; Young and Beardall 2003), Haema-
tococcus (Boussiba 2000; Fabregas et al. 2003; Kobayashi

et al. 2001; Vidhyavathi et al. 2008; Zhekisheva et al. 2002;
Steinbrenner and Linden 2003) and Parietochloris
(Solovchenko et al. 2008, 2009), was not detected in
Nannochloropsis sp. under the experimental conditions used
in this work.

Because of the stress-induced increase in Car/Chl ratio
under stress, profound increase of relative (to Chl)
contribution of Car to spectral absorption in the blue region
of the visible part of the spectrum (Fig. 5b) was evident in
the spectra of Nannochloropsis sp. cell suspensions.
Particularly, the difference spectra ΔfD f ðlÞ � ½D f

676��1g
displayed three-band signature characteristic of xantho-
phylls and carotenes as well as a shoulder in the green
which could be ascribed to ketocarotenoids accumulated by
Nannochloropsis (Zou and Richmond 2000). Remarkably,
these changes mimicked the rise of Car contribution to light
absorption by the cells of algae accumulating high amounts
of Car, such as the chlorophyte P. incisa (Solovchenko et al.
2008, 2009).

The physiological basis of the correlation between the
stress-induced increase in Car/Chl ratio and build-up of TFA
percentage (Fig. 6; r2>0.80) could probably be the predom-
inant channeling of photosynthates to lipids playing a
protective role under nitrogen starvation and excessive
irradiation stresses rendering microalgae are prone to
photooxidative damage. This is in line with reports stating
that Car/Chl ratio per se gives a good indication of the
physiological status of the algal cells and, particularly for
Nannochloropsis, the pigment extract absorbance ratio 480/
665 nm (representing an approximate measure of Car/Chl)
correlates with C/N ratio (Flynn et al. 1993). The suggestion
is also supported by the discovery of large oil bodies in
Nannochloropsis sp. cells grown under high light, which
disappeared after transition to low light (Fisher et al. 1998).

In the present work, we applied similar reasoning for the
interpretation of observed changes in the absorbance of
whole-cell suspensions occurring in parallel with an
increase in Car/Chl ratio and TFA%DW. The analysis
revealed the spectral regions sensitive to Car/Chl (Fig. 6,
curve 1) and hence to TFA percentage of DW in the blue
part of the spectrum (Fig. 6, curve 2) governed by

Fig. 6 Spectra of correlation coefficient between carotenoid-to-
chlorophyll ratio (curve 1) or total fatty acid (%DW, curve 2) and
normalized to the red chlorophyll absorption maximum OD spectra of
the Nannochloropsis sp. cells deposited on GF/F filters. Curve 3—
Standard deviation spectrum, revealing the spectral range influenced
by carotenoid absorption. The spectra 1–3 are calculated for all
samples studied. Insert: The relationships between the index D f

480 �
D �1

676 and total fatty acid dry weight percentage

Table 1 Algorithms for the assay of Car/Chl ratio and TFA contents (%DW) in the Nannochloropsis sp. cell cultures via absorbance of the cells
deposited on glass–fiber filter

Growth conditionsa Range Estimation algorithm RMSE r2 n

Car/Chl, WT/WT

NC+SC 0.3–0.6 ½Car=Chl� ¼ 0:021 � e
D
f
480

�½D f
676

��1

0:434 þ 0:117 0.03 0.93 20

TFA, % DW

NC+SC 5.0–45 ½TFA� ¼ 110:5 � D
f
480

D f
676

� 28:83 � D f
480

D f
676

� �2

� 58:30 3.23 0.89 30

SC, <5 d of growth 5.0–45 ½TFA� ¼ 61:71 � D
f
480

D f
676

� 39:97 2.75 0.93 20

a For detailed description of growth conditions, see “Materials and Methods” section
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combined absorption of Car and Chl (Figs. 5 and 6, curve
3). The high sensitivity of the 600–720 nm range of the
D f(l) · D678

−1 spectra, dominated solely by Chl, to Car/Chl
and TFA content could possibly be explained by a profound
effect related with Chl packing. This effect apparent as a
progressive narrowing of the red Chl absorption peak in the
course of a decrease in Chl similar to that previously found
in P. incisa (Merzlyak et al. 2007).

Conclusion

An important outcome of this study is the establishment of
possibility of reliable measurement of Nannochloropsis sp.
absorbance spectra on a simple spectrophotometer without
IS. The quality of the spectra, especially that of very low
and high cell density samples, could be significantly
improved by deposition of the cells on glass–fiber GF/F
filters prior to the measurements. We also revealed the
spectral regions sensitive to changes in Car/Chl ratio and
TFA percentage of DW in the wide range of its changes
under a variety of growth conditions. Employing the tight
inter-correlation of stress-induced changes in lipid metabo-
lism with adaptive rearrangements of pigment apparatus, we
were able to construct the spectral indices for non-destructive
assessment of Car/Chl ratio and TFA percentage (range 5.0–
45%; RMSE=3.23%; r2=0.89) of Nannochloropsis sp.
biomass. We believe that these findings could find extensive
usage in the development of real-time non-destructive
techniques for evaluation of the physiological condition
and biochemical composition of Nannochloropsis cultures
grown indoor and in large-scale production systems,
especially for monitoring of changes in TFA contents of
cultures exposed to stressful conditions.

Nomenclature

Dc(l) Scattering-corrected OD spectrum of
algal cell suspension recorded in
standard spectrophotometric cuvette.

D f(l) Scattering-corrected OD spectrum of
algal cells deposited on GF/F filter.

D f
l Scattering-corrected OD value at

wavelength l.
D f ðlÞ � ½D f

676��1 OD spectrum normalized to the red
Chl absorption maximum

ΔfD f ðlÞ � ½D f
676��1g Difference OD spectrum calculated

by subtraction of
D f ðlÞ � ½D f

676��1spectra recorded at
different times of cultivation.
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