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Abstract
The combined impact of temperature and light spectra on the fatty acid
(FA) composition in microalgae has been sparsely investigated. The aim of this
study was to investigate the interactions of light and temperature on the FA
composition in Acutodesmus obliquus. For this purpose, A. obliquus was culti-
vated with different temperatures (20, 30, and 35�C), as well as broad light
spectra (blue, green, and red light). Growth and FA composition were moni-
tored daily. Microalgal FA were extracted, and a qualitative characterization
was done by gas chromatography coupled with electron impact ionization mass
spectrometry (GC-EI/MS). Compared to red light, green and blue light caused
a higher percentage of the polyunsaturated fatty acids (PUFA) 16:4, 18:3, and
18:4, at all temperatures. The highest total percentage of these PUFA were
observed at the lowest cultivation temperature and blue and green light. These
data imply that a combination of lower temperatures and blue-green light (450–
550 nm) positively influences the activity of specific FA-desaturases in
A. obliquus. Additionally, a lower 16:1 trans/cis ratio was observed upon green
and blue light treatment and lower cultivation temperatures. Remarkably, green
light treatment resulted in a comparably high growth under all tested conditions.
Therefore, a higher content of green light, compared to blue light might addi-
tionally lead to a higher biomass concentration. Microalgae cultivation with low
temperatures and green light might therefore result in a suitable FA composi-
tion for the food industry and a comparably high biomass production.

KEYWORDS
blue-green light, cis-trans isomers, fatty acid desaturases, microalgae, polyunsaturated fatty acids

INTRODUCTION

Microalgae are a group of photosynthetic microorgan-
isms of high diversity (Metting, 1996). While adapting to
various environments, plenty of bioactive substances
have evolved (Metting, 1996; Pulz & Gross, 2004).
Today, various microalgal substances e.g.,

antioxidants, carotenoids, as well as proteins, are of
high importance in various sectors, such as pharmacy,
cosmetic, and food industry (Pulz & Gross, 2004;
Vanthoor-Koopmans et al., 2013). Due to the high fatty
acid (FA) content, several microalgae species are also
considered an interesting platform for a targeted FA
production in the biofuel and food industry (Abomohra
et al., 2013; Adarme-Vega et al., 2012; El-Sheekh
et al., 2013). A high content of saturated fatty acids
(SFA) is required for biofuel production, whereas a high
content of polyunsaturated fatty acids (PUFA) is suit-
able for applications in the food industry (Piligaev

Abbreviations: CDW, cell dry weight; EI, electron impact; EPA,

eicosapentanoic acid; FA, fatty acid; FAME, fatty acid methyl ester; GC, gas

chromatography; IS, internal standard; MS, mass spectrometry; MUFA,

monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; RT, retention

time; SFA, saturated fatty acids; SIM, selected ion monitoring.
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et al., 2015; Riediger et al., 2009; Ruxton et al., 2004).
Omega-3 FA such as linolenic acid (18:3), and the
omega-6 FA, linoleic acid (18:2), are the basis for
longer-chain PUFA, such as eicosapentanoic acid
(EPA) and can be used as supplements for human diet
(Brenna, 2002). Besides the degree of unsaturation,
the ratio of these two FA is essential for healthy nutri-
tion as well. Several diseases are caused by a high
ratio of omega-6/omega-3 FA (Simopoulos, 2004).
Another cause of adverse health effects are trans FA
(Gebauer et al., 2007; Mozaffarian et al., 2006). Trans-
isomers of unsaturated FA are naturally present in sev-
eral microbial food products and in industrially
processed vegetable oils, such as margarine (Dhaka
et al., 2011; Kuhnt et al., 2011; Sommerfeld, 1983).
Hence, to produce a suitable FA composition in micro-
algae for applications in the food or biofuel industry, a
regulation of the FA metabolism during microalgae cul-
tivation is of high importance.

It is well known that the FA metabolism in micro-
algae can be influenced by cultivation with selected
parameters (Breuer et al., 2012; Mandotra et al., 2016).
For instance, the total lipid content in microalgae can
be raised by nitrogen-limiting conditions in the cultiva-
tion media. However, this results in reduced growth,
which counterbalances the total lipid yield (El-Sheekh
et al., 2013). More recent studies showed an elevation
of the lipid content without compromising the
microalgae growth (Abomohra et al., 2018, 2019, 2020;
Abomohra & Almutairi, 2020; Almarashi et al., 2020;
Esakkimuthu et al., 2020). For example, the utilization
of phytohormones and the integration of seaweeds
anaerobic digestate were shown to increase
both growth and lipid production (Abomohra &
Almutairi, 2020; Esakkimuthu et al., 2020). In a very
novel approach, it was also shown, that a pretreatment
of microalgae with low-dose cold atmospheric plasma
(CAAP) resulted in an enhancement of growth and lipid
content in Chlorella vulgaris (Almarashi et al., 2020).
Variation of the cultivation temperature is another factor
to influence the FA metabolism in microalgae. Beside
the lipid content, also the degree of saturation and the
FA composition can be influenced by the microalgae
cultivation conditions. One of the underlying mecha-
nisms of temperature adaptation in plants, microorgan-
isms, and green algae is the modification of the degree
of FA saturation to regulate the cell membrane fluidity
(Alfonso et al., 2001; Collados et al., 2006; de
Mendoza & Cronan Jr, 1983; Degraeve-Guilbault
et al., 2021; Patterson, 1970).

Another important parameter to influence FA pro-
duction in microalgae is light. It is known that light regu-
lates the activity and triggers the expression of various
FA-desaturases (Berestovoy et al., 2020; Collados
et al., 2006; Kis et al., 1998). Most studies on micro-
algae had focused on the effect of the light intensity on
biomass production and FA composition. However, the

light spectrum can influence various metabolic
processes in microalgae as well. Additional night illumi-
nation with colored light-emitting diodes was also
shown to influence the fatty acid composition
(Abomohra et al., 2019). Especially, blue light can trig-
ger several enzymatic reactions in microalgae (Aparicio
et al., 1994; Gir�aldez et al., 1998). It was also shown
that exposure to green light increases the percentage
of PUFA in Chlorella vulgaris (Hultberg et al., 2014)
and the expression level of omega-3 desaturases in
Chlorella sp. (Osman et al., 2018). Therefore, the influ-
ence of green, blue, and red light on the FA composi-
tion is subject to further investigation. Moreover, there
is only little knowledge about the combined effects of
temperature and light spectrum on the FA composition
in microalgae.

This study aims to investigate the combined impact
of the light spectrum and temperature on the FA com-
position in Acutodesmus obliquus. The green microalga
A. obliquus was chosen due to its beneficial FA profile
and high growth rate (Abomohra et al., 2013;
El-Sheekh et al., 2013; Hindersin et al., 2013). In order
to evaluate the growth and FA profile, A. obliquus was
cultivated at 20, 30, and 35�C in three successive
experiments. In all experiments, the cultivation tubes
were irradiated with red light, blue light, and green light.
Produced biomass of A. obliquus was assessed and
the FA profile was analyzed by gas chromatography
coupled with electron impact ionization mass spectrom-
etry (GC-EI/MS). It could be shown that temperature
and light spectrum have a major impact on the FA com-
position in A. obliquus.

MATERIALS AND METHODS

Chemicals

The cultivation medium for A. obliquus was composed
of Flory Basis Fertilizer 1 (Euflor, Germany) and KNO3

(Fisher Scientific, Germany) and kept at a pH of
7.0 � 0.5 with the usage of HCl (Fisher Scientific,
Germany) and NaOH (Fisher Scientific, Germany). Cul-
ture medium was prepared in distilled water for all culti-
vation experiments. The internal standard (IS),
heptadecanoic acid (17:0) was purchased from Sigma
Aldrich (Taufkirchen, Germany). Hydrochloric acid,
chloroform, methanol, and n-hexane for the FA extrac-
tions were purchased from Carl Roth (Karlsruhe,
Germany) in GC ultragrade.

Microalgae preparation

The microalgae strain A. obliquus (No. U169) from the
Microalgae and Zygnematophyceae Collection Ham-
burg (MZCH, previously SVCK) microalgae collection

486 LIPIDS



of the University of Hamburg was used. Microalgae
precultivations were done in Schott flasks at 25�C and
a constant photon flux density of 150 μmol m�2 s�1

emitted by a Sylvania T9 circline, 32 W fluorescent tube
with a white light spectrum. The precultures were aer-
ated with CO2-enriched air (5% v/v) and stirred by using
a magnetic stirrer. The cultivation medium was com-
posed of 2 g L�1 Flory Basis I (Euroflor, Germany) and
3.22 g L �1 KNO3 and kept at a pH of 7 � 0.5 daily by
manual adjustment. Cell dry weight (CDW) was deter-
mined gravimetrically, and a correlation of CDW and
optical density at 750 nm (OD750) was set up for each
experiment from different dilution steps of the culture of
each respective experiment (Chen et al., 2012; Girard
et al., 2014; Reymann et al., 2020). The defined volume
was filtered, subsequently dried at 80�C for 24 h and
the measured CDW was set into relation with the
respective OD750. It was previously tested that the filters
kept constant weight after 3–8 h, depending on the
applied biomass.

Cultivation device

Cultivation experiments were performed in glass tubes
of a length of 490 mm and a diameter of 40 mm each
holding a volume of 350 ml. Up to 12 glass tubes were
submerged into a transparent acrylic glass water bath
and kept in a vertical position in black acrylic brackets.
These brackets prevented ambient light from reaching
the tubes from the back and the sides. All tubes were
irradiated from the front side of the water bath with
metal halide lamps (Philips MSR HR CT, 575 W), which
emit a sun-like light spectrum (Figure 1a). Different light
spectra were generated by optical filter foils: light red,
dark green, and dark blue (LEE-Filters, England) which
were fixed to the outer front side of the water bath. The
resulting spectra of the metal halide lamps, and
the LEE filters were measured and adjusted to an equal
photon flux density, respectively (Figure 1b–d,
Table 1). Absolute photon fluxes were determined by a
UV–Vis spectrometer (BLACK-Comet, StellarNET,
Tempa, USA) within a range of λ = 400–700 nm.

Experimental conditions

Pre-cultures were diluted to an OD750 of 0.2 for each
experiment, which was determined by a UV/VIS spec-
trometer (Pharmacia LKB Ultrospec III). The cultivation
was started with a volume of 350 ml of microalgae sus-
pension. Microalgal growth was monitored via the
OD750, which was measured directly after sampling.
The CDW was calculated from the OD750 by using the
coefficient determined from the linear correlation
between OD750 and CDW:

CDW ¼0:5246�OD750�0:0464:

After inoculation, batch cultivation started in tripli-
cates for a duration of 96 h. The microalgae were irradi-
ated constantly with a photon flux density of
480 μmol m-2 s–1 � 51 μmol m�2 s�1 at all experiments
of different wavebands (Figure 1b–d and Table 1). The
microalgae suspension was mixed by aeration with
humidified and CO2-enriched air (5% v/v) and an airflow
of 0.2 L min�1. The temperature in the water bath was
kept at 20�C � 0.5�C, 30�C � 0.5�C, and 35�C � 0.5�C
by a chiller (AD15R-30, VWR European) in three succes-
sive experiments (Table 1). The pH was kept at
pH 7 � 0.5 manually and adjusted daily by the addition of
1 M HCl or 1 M NaOH. Samples for the FA analysis were
taken from the preculture. After the cultivation was
started, samples were taken after 1, 3, 6, 24, 48, 72, and
96 h of cultivation. For the GC–MS measurements, 3–
20 ml samples were taken, depending on the biomass
concentration, and subsequently stored at �80�C prior to
analysis.

Sample preparation and FA
analysis

Samples were thawed, homogenized, and the volume
of microalgae suspension, containing 0.0025 g CDW,
determined via OD750 -CDW-correlation, was used for
the FA-extraction. Heptadecanoic acid was used as IS
and a stock solution of 1.0 mg ml�1 was prepared. The
samples were centrifuged at 5137g for 20 s (Rotanta
460R, Hettich Zentrifugen, Tuttlingen, Germany), the
supernatant was discarded, and 20 μmol of the IS stock
solution dissolved in hexane were added to the pellet.
A modified Folch extraction (Reich et al., 2012, 2013),
in which the pellet was resuspended in a CHCl3 /MeOH
mixture (2:1, v/v), was applied. Upon full resuspension,
the samples were shaken at 200 rpm (IKA HS 501 digi-
tal, Jahnke and Kunkel and Co IKA Labortechnik,
Staufen, Germany) for 1 h. Afterward, they were cen-
trifuged for 20 s at 5137g (Rotanta 460R, Hettich
Zentrifugen, Tuttlingen, Germany), and the supernatant
containing the extracted lipids was collected in a glass
tube. This procedure was repeated twice with shaking
times of 3 and 12 h. Previous test extractions showed
highest FA yields with three extraction steps. In a fur-
ther extraction, less than 0.1% of extracted FA of the
first three extractions were found. The supernatants,
containing virtually all extractable lipids were all trans-
ferred and collected in one glass tube, and the solvents
were evaporated under a constant and gentle stream of
nitrogen. The transesterification was performed
according to the method of Ichiara and Fukubayashi
(Ichihara & Fukubayashi, 2010). The dried lipid extracts
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were resuspended in 0.2 ml of chloroform, 2 ml of
methanol were added, and acidified with 0.1 ml of con-
centrated hydrochloric acid (35% w/w). This solution
was transferred into a screw-capped glass tube, over-
laid with nitrogen, and the tube was tightly closed. Upon
vortexing, the tube was heated to 100�C for 1 h and
subsequently cooled down at room temperature for
10 min. In order to extract the fatty acid methyl esters
(FAME), 2 ml of hexane and 2 ml of water were added,
the tube was vortexed, and the hexane phase was col-
lected after phase separation. This solution was diluted
1:10 with hexane, of which 1 μl was injected for
GC–MS analysis.

Instrumental conditions (GC)

GC/EI-MS was performed with a Thermo Scientific™
ISQ™ 7000 Single Quadrupole GC–MS system. The
samples (1 μl) were injected with an autosampler, and
the injector was operated in splitless mode and kept at
260�C. For the separation of the target compounds, a
TRACE™ TR FAME fused silica capillary column
(0.25 mm, 0,25 μm � 30 m) with helium as carrier gas
was used with a constant pressure of 100 kPa and a
flow of 1,5 ml min�1. The oven temperature was set to
start at 60�C for 1 min, followed by a ramp rate of
6.5�C min�1 until the final temperature of 260�C was
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F I GURE 1 The light spectrum of the MSR 575 HR CT metal halide lamp. Unfiltered (a); in combination with the optical foils: light red (b);

dark green (c), and dark blue (d) (Lee filters, England). The relative emission spectra (Jλ,rel in counts) were determined by a UV–vis spectrometer

(BLACK-comet, StellarNET, Tempa, USA) within a range of λ = 300 to 800 nm (integration time = 10 ms)

TAB LE 1 Test conditions during the different experiments

Experiment Conditions Red light Green light Blue light

1 Temperature (�C) 20 � 0.5 20 � 0.5 20 � 0.5

Photon flux (μmol m�2 s �1) 469 � 51 487 � 27 482 � 7

2 Temperature (�C) 30 � 0.5 30 � 0.5 30 � 0.5

Photon flux (μmol m�2 s�1) 469 � 51 487 � 27 482 � 7

3 Temperature (�C) 35 � 0.5 35 � 0.5 35 � 0.5

Photon flux (μmol m�2 s�1) 469 � 51 487 � 27 482 � 7

Note: The temperatures and the estimated accuracies of measurement. Values for the photon fluxes represent means � standard deviation of triplicates.

488 LIPIDS



reached and then held for 8 min. The electron energy
was 70 eV, the ion source was set to 270�C, and the
mass range of m/z 60–400 was recorded in the full
scan mode. Fragment ions included m/z 74, m/z
79, m/z 81, and m/z 87 for the FAME that were
detected during the measurement in the GC/EI-MS
selected ion monitoring (SIM) mode (Reich
et al., 2013). A chromatogram with retention times
(RT) of the identified FA is shown in Figure 2.

Data evaluation

The mass spectra and the RT were used for the qualita-
tive analysis of the separated FAME. The peak area
ratio of the identified FAME was set into relation with
the respective area of the IS, and the share of each FA
(in %) was calculated. All samples were taken and
measured in triplicates, and the mean values � stan-
dard deviation were calculated.

Additionally, to the in-depth descriptive analysis and
visualization of the data, analysis of variance with
repeated measures were conducted to examine statisti-
cal effects of the light spectrum on the CDW, the per-
centage of the FA 16:4, 18:3, 18:4, and the isomers of
the FA 16:1.

As the samples were taken in triplicates, degrees of
freedom for statistical analyses were limited. Missing
values were replaced with means of existent values.
The individual samples were randomly grouped to test
the effect of light spectrum on the dependent variables
in a within-subjects design. As such sufficient data
were obtained to test assumptions for a repeated-
measures ANOVA and the analysis was conducted
respectively. In the interpretation of results, the focus
lies on the spectral effects on dependent variables, and

not on conclusions on the growth. For statistical infer-
ence, conservative measures of Greenhouse–Geisser
corrected values due to the small sample size are
reported. Furthermore, measures included in the
ANOVA concerned the measurement timepoints after
24, 48, and 96 h of cultivation.

RESULTS

Microalgal growth

The biomass concentration was determined daily for
the whole cultivation period (Figure 3a–c). The light
spectrum strongly influenced the growth patterns of
A. obliquus. In all experiments, the red light regime
resulted in the highest increase of biomass after 96 h of
cultivation. A maximum of 2.42 g L�1 CDW was
observed after 96 h cultivation at 30�C and under red
light (Figure 3b).

Blue light treatment resulted in the lowest amount of
produced CDW at all tested temperatures. Irradiation
with blue light resulted in a 34.3%–36.8% reduced bio-
mass production in 96 h compared to red light, in all
experiments (Figure 3a–c). Biomass production under
green light was higher than under blue light, but still
11.6%–16.8% lower than under red light (Figure 3a–c).
Nevertheless, the green light regime resulted in a rela-
tively high amount of produced biomass. The highest
CDW was measured for all spectra at a temperature of
30�C (Figure 3b). In comparison, the maximum CDW
were decreased by 21.1% at 20�C and 12.4% at 35�C,
after 96 h cultivation (Figure 3a,c).

Results of the main ANOVA further show that the
main effect of light spectrum on the CDW was highly
significant with large effect sizes across all temperature
conditions. The effect of the light spectra on CDW was
highest at 35�C at F(1.1; 2.1) = 68.8 at p = 0.01 with a
large effect of partial eta2 = 0.98. Within-subject con-
trasts show that CDW is significantly different under
blue light condition than under red light condition
under all temperature conditions. The difference is also
significant for green and red light conditions at 35�C.

Fatty acids

In this study, a total of 14 FA were identified in
A. obliquus, which are shown in Figure 2 and Table 2.
The FA 14:0, 15:0, 22:0, and 24:0 were always found in
low share (<1%) and were therefore dismissed for fur-
ther study. The cis/trans (c/t) isomers of unsaturated
FA were summed up for the comparison of the relative
FA relations. Strong variations of 16:1 (c/t) isomers
were found, and the relative changes toward different
test conditions are separately shown in Section 3.5.

F I GURE 2 GC/MS chromatogram of Acutodesmus obliquus
acquired in SIM mode. The sample was taken after 5 days of

cultivation with 150 μmol m�2 s �1 white light at 25�C
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Effect of light spectrum on the degree of
saturation

The light spectrum had a strong impact on the FA com-
position. In all experiments, red light caused a lower
degree of desaturation, in comparison to blue and green
light. The relative proportions of the 16:4, 18:3, and 18:4

FA decreased by up to 64% under a red light regime
compared to green- and blue-light treatments
(Figure 4a–c). Accordingly, the percentage of the lower
desaturated FA increased (Figure 5b–d). These differ-
ences in the degree of desaturation were already detect-
able after 1 and 3 h of cultivation (data not shown).
Nevertheless, it became evident in all experiments after
24 h of cultivation (Figures 4a–c, 5b–d, 6a–c and 7a–c).
The SFA were not affected by the light spectrum
(Figures 5a and 7d).

Impact of temperature and light spectrum
on the degree of saturation

In this study, a strong impact of the temperature on
the degree of FA saturation of A. obliquus was
observed. These temperature-triggered FA changes
interacted with the aforementioned light related FA
changes. The precultures of all experiments were
cultivated at 25�C (see Section 2.2). The cultivation
at 20�C resulted in a maximum increase of the
PUFA 16:4, 18:3, and 18:4 by 37.9%, 32.8%, and
23.1% of the relative amounts, respectively
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F I GURE 3 Biomass production of Acutodesmus obliquus exposed to 480 μmol m�2 s�1 red light (circle; 580–720 nm), green light (triangle;

450–600 nm), and blue light (diamonds; 380–540 nm) at 20�C (a), 30�C (b) and 35�C (c). The cell dry weight (CDW) was determined by a

correlation with the optical density at 750 nm. Values represent means � standard deviation of triplicates

TAB LE 2 Fatty acid (FA) profile of Acutodesmus obliquus

FA % FA %

14:0 ≤1 18:1Δ9 7.8 � 0.1

15:0 ≤1 18:2Δ9,12 10.2 � 0.1

16:0 38.2 � 0.9 18:3Δ9,12,15 21.9 � 0.5

16:1Δ9 -trans 1.4 � 0.1 18:4Δ6,9,12,15 2.4 � 0.1

16:1Δ9 -cis 1.1 � 0.1 22:0 ≤1

16:2Δ7,10 1.0 � 0.1 24:0 ≤1

16:3Δ7,10,13 5.2 � 0.1 SFA 41.4

16:4Δ4,7,10,13 7.5 � 0.2 MUFA 10.3

18:0 2.1 � 0.2 PUFA 48.3

Note: The samples were taken after 5 days of cultivation with

150 μmol m�2 s�1 white light at 25�C. Values represent means � standard

deviation of triplicates.
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(Figure 6a–c). However, this increase was signifi-
cantly less expressed during cultivation under red
light regime, compared to the blue- and green light
groups (Figure 6a–c).

The cultivation at 30�C and red light resulted in a
reduction of the PUFA 16:4, 18:3, and 18:4 after 96 h of
cultivation by up to 74.97%, 41.55%, and 43.47%
(Figure 4a–c), respectively. This decrease was signifi-
cantly less expressed in the green and blue light groups
(Figure 4a–c). Cultivation at 35�C resulted in a maxi-
mum decrease of 16:4, 18:3, and 18:4 by 75.57%,
35.51%, and 64.76%, respectively, after 96 h of cultiva-
tion with red light (Figure 7a–c). However, this
temperature-triggered decrease was also less
expressed under green as well as blue light at 35�C
(Figure 7a–c). Still, this was not significant for all mea-
sured timepoints.

In summary, results show that exposure to red light
and higher temperatures (30 and 35�C) resulted in
lower relative shares of the PUFA 16:4, 18:3, and 18:4,
whereas exposure to blue or green light and low tem-
peratures (20�C) gave rise to elevated shares
(Figures 4a–c, 6a–c and 7a–c). No impact of the light
spectrum was found on the relative proportions of SFA.
In contrast, high temperatures 35 and 30�C resulted in

an elevation of the relative amounts of the FA 16:0 by
up to 23.2% (35�C) and 11.7% (30�C) in the course of
the experiment (Figures 5a and 7d). At a cultivation
temperature of 20�C, the relative amount of the FA 16:0
was maintained at a level of the preculture (data not
shown).

Repeated-measures ANOVA exposed a significant
effect of the light spectrum on the FA 16:4, 18:3, and
18:4 across all temperature conditions. This effect was
the largest at a temperature of 30�C, at F (1.4;
2.8) = 308.4 at p = 0.001 with a large effect size of par-
tial eta2 = 0.99. Furthermore, the differences in FA
composition are significant for green light against red
light conditions across all temperatures in the experi-
ment. The FA composition under blue light significantly
differed from that under red light under 20 and 30�C;
however, there are no significant differences regarding
the FA composition between red and blue light
under 35�C.

cis-trans isomerism of the fatty acid 16:1

Both cis and trans isomers of the FA 16:1 were identi-
fied in A. obliquus. The light spectrum and temperature
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had a strong impact on the 16:1 c/t ratio. A significant
difference between samples irradiated with red light
and the ones irradiated with green light was found
(Figures 8 and 9). In contrast, no strong differences
between the green light- and blue light-treated samples
were observed, which is why the data of the blue light
cultivations are not shown and discussed together with
the green light cultivation data.

Results of the repeated-measures ANOVA show
significant effects of the light spectrum on cis-trans
isomerism of the FA 16:1 across all temperature condi-
tions. Here, the effect was largest at 20�C with F
(1;2) = 4629 at p = 0.001 with a larger effect size of
partial eta2 = 1. Within-subject contrasts show that
these differences are significant for green light com-
pared to red light conditions, and for blue light
compared to red light conditions, across all tempera-
tures in the experimental setup.

The relative percentage of the 16:1c increased from
44.4% in the preculture to 76.4% after 96 h of cultiva-
tion at 20�C in the blue and green light group
(Figure 9b). However, no such increase was observed
in the red-light group at the same temperature
(Figure 9a). Upon cultivation with 35�C, the relative

percentage of the 16:1c decreased from 42.8% in the
preculture to 30.8%–33.2% for all tested spectra
(Figure 8a,b). Over the time course of all experiments,
the relative percentage of the 16:1c was significantly
reduced in the red-light group, with respect to the green
light- and blue light-treated samples (Figures 8a,b and
9a,b). Independent of the influences of temperature
and light spectrum, a third effect was observed. In all
experiments, a strong increase of the 16:1 c was evi-
dent in the first 24 h of cultivation (Figures 8a,b and
9a,b). In the first hours of cultivation, biomass concen-
tration was always under 1 g L�1 (Figure 3a–c). In the
following 72 h, the CDW in all experimental approaches
increased to higher values, combined with a concomi-
tant reduction of the relative percentage of the 16:1c
isomers (Figures 3a-c, 8a,b and 9a,b). This leads to the
conclusion that the 16:1c/t ratio is also influenced by
the biomass concentration.

Presumably, the isomeric ratio changes are also
influenced by temperature. While the maximum per-
centage of the 16:1 c was reached after 24–48 h of cul-
tivation time with 20�C (Figure 9a,b), the maximum
value of the 30�C cultivation was reached after 3–6 h
(data not shown) and 1–3 h in the case of 35�C
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(Figure 8a,b). In general, lower temperatures, blue-
green light as well as a low biomass concentration
resulted in a high relative percentage of 16:1c. In con-
trast, red light, higher temperatures, and higher bio-
mass concentrations gave rise to a lower 16:1c/t ratio.

DISCUSSION

In general, a maximum biomass of 2.42 g L�1 CDW
was reached with a cultivation temperature of 30�C and
red light (Figure 3b). This temperature is close to the
optimum growth temperature for A. obliquus (Hindersin
et al., 2013). The maximum of produced biomass was
reduced by 21.1% and 12.4% at cultivation tempera-
tures of 20 and 35�C, compared to the 30�C cultivation
(Figure 3a–c). Among all tested temperatures, the max-
imum of produced biomass for A. obliquus was
observed under red-light conditions (Figure 3a–c). The
red light spectrum, (wavelength between 600 and
700 nm, Figure 1b), is effectively absorbed by the main
photosynthesis pigments in microalgae
(Sandmann, 1991). Therefore, the growth results might
be related to the high absorption of these wavebands

by chlorophyll a. The utilized blue light has a high over-
lap with the chlorophyll a absorption maximum at
430 nm (Figure 1d). Nevertheless, blue light regime
caused the lowest amounts of produced biomass of all
tested light spectra at all tested temperatures
(Figure 3a–c). Beside chlorophyll a, carotenoids and
xanthophylls also absorb light at this waveband in
A. obliquus (Niyogi et al., 1997). These pigments
mainly convert light energy into heat and, therefore,
may reduce the contribution of this waveband to the
biomass production (Wilhelm et al., 1985). This can
provide an explanation for the low performance under
blue light regime. Contrary to common assumptions,
green light treatment resulted in a relatively high
amount of produced biomass at all tested tempera-
tures. A comparably high biomass production was
reached with green compared to red light
(Figure 3a–c). Due to the low absorption of this
waveband, many studies on microalgae postulate that
green light only has a low contribution to biomass pro-
duction in microalgae (Kim et al., 2013, 2014). How-
ever, more recent studies have shown that light spectra
that are weakly absorbed by microalgae can out-
perform all other light spectra in biomass productivity
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(Mattos et al., 2015; de Mooij et al., 2016; Ooms
et al., 2017). In another study on the green microalga
Scenedesmus bijuga, green light treatment resulted in
the highest biomass production of all tested light spec-
tra (Mattos et al., 2015). Due to the close

phylogenetical relation of A. obliquus and
Scenedesmus bijuga, it might be reasonable to com-
pare the growth results of this species with the ones
received for A. obliquus in this study. Additionally, the
tests in both studies were performed with a similar
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photon flux density. In both cases, the green light spec-
trum between 500 and 600 nm was shown to have a
strong contribution to microalgal growth, because green
light penetrates deeper into plant leaves and micro-
algae suspensions, which results in a dilution of the
light energy and more efficient light into biomass con-
version (Clark & Lister, 1975; de Mooij et al., 2016;
Mattos et al., 2015; Ooms et al., 2017; Sun et al., 1998).
Especially under conditions of high-density of the micro-
algae cultures and high light intensities, weakly
absorbed wavebands can outperform blue and red light,
in terms of photosynthetic efficiency (de Mooij
et al., 2016; Mattos et al., 2015; Ooms et al., 2017).
Additionally, green light irradiation causes shade avoid-
ance responses in plants (Zhang et al., 2011). Recent
findings in the FA profile of Chlorella vulgaris hint toward
a compensatory increase of the chloroplasts and thyla-
koid membranes, upon green light treatment (Hultberg
et al., 2014). This increase of the light harvesting struc-
tures might also be a shade avoidance effect and could
contribute to a more efficient use of weakly absorbed
wavebands in microalgae. Thus, our data support new
findings in microalgae research, which postulate a high
contribution of green light to the biomass production
under certain conditions.

In this study, 14 FA were identified in A. obliquus.
This FA composition is in accordance with previous
analyses of the same strain (Abomohra et al., 2013). It
could be shown that lower cultivation temperatures
resulted in a lower degree of FA unsaturation in
A. obliquus. The relative percentage of the PUFA 16:4,
18:3, and 18:4 were highest at a cultivation temperature
of 20�C, and decreased with higher temperatures
(30 and 35�C) (Figures 6a–c, 4a–c and 7a-c). It is well
known that many organisms raise their degree of FA
unsaturation at lower temperatures in order to maintain
the cell membrane fluidity (Alfonso et al., 2001; Col-
lados et al., 2006; de Mendoza & Cronan Jr, 1983;

Degraeve-Guilbault et al., 2021; Patterson, 1970). Our
data suggest that these temperature-triggered changes
of FA unsaturation in A. obliquus are performed by the
ratio change of the FA 16:4, 18:3, and 18:4 and lower
desaturated FA. PUFA in plants, algae, and cyano-
bacteria are synthesized sequentially by specific
FA-desaturases from FA of lower degree of
desaturation (Cherif et al., 1975; Kis et al., 1998). Fur-
thermore, it was observed that some of these specific
FA-desaturases are regulated by light (Collados
et al., 2006; Kis et al., 1998). Therefore, we assumed
that the FA-desaturases that catalyze the desaturation
of the 18:2 and 16:3, in A. obliquus are regulated by a
combination of light color and temperature. We suggest
that the activity of these specific FA-desaturases is
positively regulated by a combination of blue-green
light and lower temperatures. This seems to be an
explanation for the higher ratio of the FA 16:4, 18:3,
and 18:4 toward lower desaturated FA, at blue and
green light treatment and lower temperatures.

Notably, red-light regime always resulted in the low-
est relative shares of the PUFA 16:4, 18:3, and 18:4 and
thus an overall lower degree of FA unsaturation at all
tested temperatures (Figures 4a-c, 6a–c, and 7a–c).
These light-spectrum-triggered changes in the FA com-
position, indicate that blue-green light is required for the
temperature-related FA adaptations in A. obliquus, pre-
sumably by activation of FA-desaturases. Furthermore,
enzymes are already known to be activated by blue and
green light in the microalga Monoraphidium braunii
(Aparicio & Quiñones, 1991). However, little is known
about the influence of FA-desaturases by different light
spectra. Merely, one very recent study showed an ele-
vated expression level of omega-3 desaturases upon
green light treatment in Chlorella sp. (Osman
et al., 2018). Our experimental setup provides an oppor-
tunity to detect the spectral response waveband of the
light receptor. Compared to red light, blue and green
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light treatment generally resulted in a higher degree of
FA unsaturation in A. obliquus. The used blue and green
light spectra share a waveband between 450 and
550 nm, whereas the used red light comprised light
wavelengths higher than 570 nm (Figure 1b–d). There-
fore, one can conclude that the FA-desaturases in
A. obliquus are most likely influenced or even activated
by the light waveband between 450 and 550 nm.

Not only the FA composition but also the cis/trans
ratio of the FA 16:1 was influenced by the parameters
light and temperature. To the authors best knowledge,
these effects on the isomeric composition of the FA
composition in microalgae have never been discussed
in literature before. Blue-green light treatment and
lower cultivation temperatures gave rise to a higher
16:1 cis/trans ratio. Furthermore, a higher 16:1 cis/trans
ratio was found in the first hours of cultivation (Figure 8
and Figure 9). This might be related to a higher relative
light exposition at this time of the cultivation. Due to the
low CDW in the first 24 h of cultivation, intershading
effects of the microalgae were minimal (Figure 3a–c).
Light intensity might therefore also contribute to 16:1
cis/trans ratio changes in A. obliquus. The FA 16:1 can
be further desaturated to FA of higher degree of
desaturation, by specific FA-desaturases (Cherif
et al., 1975). One explanation for these isomeric
changes might be therefore an enzymatic discrimina-
tion of one isomer by these specific FA-desaturases,
which results in the 16:1 cis/trans ratio changes. This
would explain the accelerated ratio changes at high cul-
tivation temperatures, compared to lower cultivation
temperatures (Figures 8 and 9). Up to a certain temper-
ature, enzymatic reactions are catalyzed faster at
higher temperatures (Holleman & Wiberg, 2007).

In summary, the right choice of cultivation parame-
ters can influence the FA composition in A. obliquus. A
tailored light spectrum, with a high content of green light
between 500 and 600 nm and a low cultivation temper-
ature might, therefore, be a new approach to combine a
high biomass production with a suitable FA composition
for the food industry. Conversely, a reduced degree of
FA unsaturation is a beneficial feature for FA in the bio-
fuel production. In this case, a high cultivation tempera-
ture and red light treatment can promote a suitable FA
composition in microalgae. Moreover, the heat toler-
ance of microalgae might be raised by reducing the
degree of FA unsaturation in microalgae with red light.
In a study on Arabidopsis thaliana, a FA-desaturase
was genetically deactivated by knockout mutations.
This resulted in a lower degree of unsaturation and
concomitantly a higher heat tolerance of this organism
(Hugly et al., 1989). The light spectrum-triggered FA
changes might be an object of further studies. It can be
of particular interest to investigate if the observed FA
changes are only a special case in microalgae or if it is
also applicable to land plants, and perhaps even het-
erotrophic organisms. These new insights can lead to

many applications and innovations in and beyond the
field of microalgae technology.

ACKNOWLEDGMENTS
We want to thank PD Dr. Klaus von Schwartzenberg
and the staff of the Microalgae and Zygnematophyceae
Collection Hamburg (MZCH, previously SVCK) micro-
algae collection of the University of Hamburg for giving
us the chance to work with one of their microalgae
strains. A special thanks goes to Christoph Stegen of the
technical support team of the Leuphana University
Lüneburg. Thanks to his excellent technical support and
expertise we were able to improve our experimental
setup for the microalgae cultivation. The authors thank
Josi Steinke and Hannes Diers for their contribution in
the microalgae cultivations and the sample preparations.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.

AUTHOR CONTRIBUTIONS
All authors have made a scientific contribution and
approved the final draft of the manuscript.

M.H. Conceived and designed the study. Carried
out the research. Analyzed the data. Wrote the first
draft of the manuscript.

A.G. Carried out the research. Analysis of data.
M.R. Supervision and support in the methodology

part. Analysis and interpretation of data. Contribution to
the writing process. Editing and review of manuscript.

F.K. Analysis of data and made the statistical work.
Contribution to the writing process.

M.K. Analysis of data. Contribution to the writing
process. Supervision of the study.

K.K. Analysis of data. Contribution to the writing pro-
cess. Supervision of the study.

REFERENCES
Abomohra AEF, Almutairi AW. A close-loop integrated approach for

microalgae cultivation and efficient utilization of agar-free sea-

weed residues for enhanced biofuel recovery. Bioresour

Technol. 2020;317:124027.

Abomohra AEF, Wagner M, El-Sheekh M, Hanelt D. Lipid and total

fatty acid productivity in photoautotrophic fresh water micro-

algae: screening studies towards biodiesel production. J Appl

Phycol. 2013;25:931–6.

Abomohra AEF, Eladel H, El-Esawi M, Wang S, Wang Q, He Z, et al.

Effect of lipid-free microalgal biomass and waste glycerol on

growth and lipid production of Scenedesmus obliquus: innova-
tive waste recycling for extraordinary lipid production. Bioresour

Technol. 2018;249:992–9.

Abomohra AEF, Shang H, El-Sheekh M, Eladel H, Ebaid R, Wang S,

et al. Night illumination using monochromatic light-emitting

diodes for enhanced microalgal growth and biodiesel production.

Bioresour Technol. 2019;288:121514.

Abomohra AEF, El-Naggar AH, Alaswad SO, Elsayed M, Li M, Li W.

Enhancement of biodiesel yield from a halophilic green micro-

alga isolated under extreme hypersaline conditions through

496 LIPIDS



stepwise salinity adaptation strategy. Bioresour Technol. 2020;

310:123462.

Adarme-Vega TC, Lim DK, Timmins M, Vernen F, Li Y, Schenk PM.

Microalgal biofactories: a promising approach towards sustain-

able omega-3 fatty acid production. Microb Cell Fact. 2012;

11:96.

Alfonso M, Yruela I, Alm�arcegui S, Torrado E, Pérez MA, Picorel R.

Unusual tolerance to high temperatures in a new herbicide-

resistant D1 mutant from Glycine max (L.) Merr. Cell cultures

deficient in fatty acid desaturation. Planta. 2001;212:573–82.

Almarashi JQ, El-Zohary SE, Ellabban MA, Abomohra AEF.

Enhancement of lipid production and energy recovery from the

green microalga Chlorella vulgaris by inoculum pretreatment

with low-dose cold atmospheric pressure plasma (CAPP). Energ

Conver Manage. 2020;204:112314.

Aparicio PJ, Quiñones MA. Blue light, a positive switch signal for

nitrate and nitrite uptake by the green alga Monoraphidium

braunii. Plant Physiol. 1991;95:374–8.

Aparicio PJ, Witt FG, Ramirez JM, Quinones MA, Balandin T. Blue-

light-induced pH changes associated with NO3�, NO2� and

cl� uptake by the green alga Monoraphidium braunii. Plant Cell

Environ. 1994;17:1323–30.

Berestovoy MA, Pavlenko OS, Goldenkova-Pavlova IV. Plant fatty

acid desaturases: role in the life of plants and biotechnological

potential. Biol Bull Rev. 2020;10:127–39.

Brenna JT. Efficiency of conversion of α-linolenic acid to long chain

n-3 fatty acids in man. Curr Opin Clin Nutr Metabol Care. 2002;

5:127–32.

Breuer G, Lamers PP, Martens DE, Draaisma RB, Wijffels RH. The

impact of nitrogen starvation on the dynamics of triacylglycerol

accumulation in nine microalgae strains. Bioresour Technol.

2012;124:217–26.

Chen X, Huang C, Liu T. Harvesting of microalgae Scenedesmus

sp. using polyvinylidene fluoride microfiltration membrane. Des-

alin Water Treat. 2012;45:177–81.

Cherif A, Dubacq J, Mache R, Oursel A, Tremolieres A. Biosynthesis

of α-linolenic acid by desaturation of oleic and linoleic acids in

several organs of higher and lower plants and in algae. Phyto-

chemistry. 1975;14:703–6.

Clark JB, Lister GR. Photosynthetic action spectra of trees:

I. comparative photosynthetic action spectra of one deciduous

and four coniferous tree species as related to photorespiration

and pigment complements. Plant Physiol. 1975;55:401–6.

Collados R, Andreu V, Picorel R, Alfonso M. A light-sensitive

mechanism differently regulates transcription and transcript

stability of ω3 fatty-acid desaturases (FAD3, FAD7 and FAD8)

in soybean photosynthetic cell suspensions. FEBS Lett.

2006;580:4934–40.

Degraeve-Guilbault C, Pankasem N, Gueirrero M, Lemoigne C,

Domergue F, Kotajima T, et al. Temperature acclimation of the

picoalga Ostreococcus tauri triggers early fatty-acid variations

and involves a plastidial ω3-desaturase. Front Plant Sci. 2021;12:
1–17.

Dhaka V, Gulia N, Ahlawat KS, Khatkar BS. Trans fats—sources,

health risks and alternative approach-a review. J Food Sci

Technol. 2011;48:534–54.

El-Sheekh M, Abomohra AEF, Hanelt D. Optimization of biomass and

fatty acid productivity of Scenedesmus obliquus as a promising

microalga for biodiesel production. World J Microbiol Biotechnol.

2013;29:915–22.

Esakkimuthu S, Krishnamurthy V, Wang S, Hu X, Swaminathan K,

Abomohra AEF. Application of p-coumaric acid for extraordinary

lipid production in Tetradesmus obliquus: a sustainable

approach towards enhanced biodiesel production. Renew

Energy. 2020;157:368–76.

Gebauer SK, Psota TL, Kris-Etherton PM. The diversity of health

effects of individual trans fatty acid isomers. Lipids. 2007;42:

787–99.

Gir�aldez N, Aparicio PJ, Quiñones MA. Blue light requirement for

HC03 uptake and its action Spectrum in Monoraphidium braunii.

Photochem Photobiol. 1998;68:420–6.

Girard JM, Roy ML, Hafsa MB, Gagnon J, Faucheux N, Heitz M, et al.

Mixotrophic cultivation of green microalgae Scenedesmus
obliquus on cheese whey permeate for biodiesel production.

Algal Res. 2014;5:241–8.

Hindersin S, Leupold M, Kerner M, Hanelt D. Irradiance optimization

of outdoor microalgal cultures using solar tracked photo-

bioreactors. Bioprocess Biosyst Eng. 2013;36:345–55.

Holleman AF, Wiberg E. Lehrbuch der anorganischen chemie. 102nd

ed.; 2007. Berlin, Germany: de Gruyter.

Hugly S, Kunst L, Somerville C. Enhanced thermal tolerance of photo-

synthesis and altered chloroplast ultrastructure in a mutant of

Arabidopsis deficient in lipid desaturation. Plant Physiol. 1989;

90:1134–42.

Hultberg M, Jönsson HL, Bergstrand KJ, Carlsson AS. Impact of light

quality on biomass production and fatty acid content in the micro-

alga Chlorella vulgaris. Bioresour Technol. 2014;159:465–7.
Ichihara KI, Fukubayashi Y. Preparation of fatty acid methyl esters for

gas-liquid chromatography. J Lipid Res. 2010;51:635–40.

Kim TH, Lee Y, Han SH, Hwang SJ. The effects of wavelength and

wavelength mixing ratios on microalgae growth and nitrogen,

phosphorus removal using Scenedesmus sp. for wastewater

treatment. Bioresour Technol. 2013;130:75–80.

Kim CW, Sung MG, Nam K, Moon M, Kwon JH, Yang JW. Effect of

monochromatic illumination on lipid accumulation of

Nannochloropsis gaditana under continuous cultivation. Bio-

resour Technol. 2014;159:30–5.

Kis M, Zsiros O, Farkas T, Wada H, Nagy F, Gombos Z. Light-

induced expression of fatty acid desaturase genes. Proc Natl

Acad Sci. 1998;95:4209–14.

Kuhnt K, Baehr M, Rohrer C, Jahreis G. Trans fatty acid isomers and

the trans-9/trans-11 index in fat containing foods. Eur J Lipid Sci

Technol. 2011;113:1281–92.

Mandotra SK, Kumar P, Suseela MR, Nayaka S, Ramteke PW.

Evaluation of fatty acid profile and biodiesel properties of micro-

alga Scenedesmus abundans under the influence of phospho-

rus, pH and light intensities. Bioresour Technol. 2016;201:

222–9.

Mattos ER, Singh M, Cabrera ML, Das KC. Enhancement of biomass

production in Scenedesmus bijuga high-density culture using

weakly absorbed green light. Biomass Bioenergy. 2015;81:

473–8.

de Mendoza D, Cronan JE Jr. Thermal regulation of membrane lipid

fluidity in bacteria. Trends Biochem Sci. 1983;8:49–52.

Metting FB. Biodiversity and application of microalgae. J Ind

Microbiol. 1996;17:477–89.

de Mooij T, de Vries G, Latsos C, Wijffels RH, Janssen M. Impact of

light color on photobioreactor productivity. Algal Res. 2016;15:

32–42.

Mozaffarian D, Katan MB, Ascherio A, Stampfer MJ, Willett WC.

Trans fatty acids and cardiovascular disease. N Engl J Med.

2006;354:1601–13.

Niyogi KK, Björkman O, Grossman AR. The roles of specific

xanthophylls in photoprotection. Proc Natl Acad Sci. 1997;94:

14162–7.

Ooms MD, Graham PJ, Nguyen B, Sargent EH, Sinton D. Light dilu-

tion via wavelength management for efficient high-density photo-

bioreactors. Biotechnol Bioeng. 2017;114:1160–9.

Osman SM, Chuah TS, Loh SH, San Cha T, Ahmad A. Light-color-

induced changes in fatty acid biosynthesis in Chlorella sp. strain

Ks-ma2 in early stationary growth phase. BIOTROPIA South-

east Asian J Trop Biol. 2018;25:33–42.

Patterson GW. Effect of culture temperature on fatty acid composition

of Chlorella sorokiniana. Lipids. 1970;5:597–600.
Piligaev AV, Sorokina KN, Bryanskaya AV, Peltek SE,

Kolchanov NA, Parmon VN. Isolation of prospective microalgal

LIPIDS 497



strains with high saturated fatty acid content for biofuel produc-

tion. Algal Res. 2015;12:368–76.

Pulz O, Gross W. Valuable products from biotechnology of micro-

algae. Appl Microbiol Biotechnol. 2004;65:635–48.

Reich M, Hannig C, Al-Ahmad A, Bolek R, Kümmerer K. A compre-

hensive method for determination of fatty acids in the initial oral

biofilm (pellicle). J Lipid Res. 2012;53:2226–30.

Reich M, Kümmerer K, Al-Ahmad A, Hannig C. Fatty acid profile of

the initial oral biofilm (pellicle): an in-situ study. Lipids. 2013;48:

929–37.

Reymann T, Kerner M, Kümmerer K. Assessment of the biotic and

abiotic elimination processes of five micropollutants during culti-

vation of the green microalgae Acutodesmus obliquus. Bio-

resour Technol Rep. 2020;11:100512.

Riediger ND, Othman RA, Suh M, Moghadasian MH. A systemic

review of the roles of n-3 fatty acids in health and disease. J Am

Diet Assoc. 2009;109:668–79.

Ruxton CHS, Reed SC, Simpson MJA, Millington KJ. The health ben-

efits of omega-3 polyunsaturated fatty acids: a review of the evi-

dence. J Hum Nutr Diet. 2004;17:449–59.

Sandmann G. Light-dependent switch from formation of poly-cis caro-

tenes to all-trans carotenoids in the Scenedesmus mutant C-6D.

Arch Microbiol. 1991;155:229–33.

Simopoulos AP. Omega-6/omega-3 essential fatty acid ratio and

chronic diseases. Food Rev Intl. 2004;20:77–90.

Sommerfeld M. Trans unsaturated fatty acids in natural products and

processed foods. Prog Lipid Res. 1983;22:221–33.

Sun J, Nishio JN, Vogelmann TC. Green light drives CO2 fixation

deep within leaves. Plant Cell Physiol. 1998;39:1020–6.

Vanthoor-Koopmans M, Wijffels RH, Barbosa MJ, Eppink MH. Bio-

refinery of microalgae for food and fuel. Bioresour Technol.

2013;135:142–9.

Wilhelm C, Kr�amer P, Wild A. Effect of different light qualities on the

ultrastructure, thylakoid membrane composition and assimilation

metabolism of Chlorella fusca. Physiol Plant. 1985;64:359–64.
Zhang T, Maruhnich SA, Folta KM. Green light induces shade avoid-

ance symptoms. Plant Physiol. 2011;157:1528–36.

SUPPORTING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Helamieh M,
Gebhardt A, Reich M, Kuhn F, Kerner M,
Kümmerer K. Growth and fatty acid composition
of Acutodesmus obliquus under different light
spectra and temperatures. Lipids. 2021;56:
485–498. https://doi.org/10.1002/lipd.12316

498 LIPIDS

https://doi.org/10.1002/lipd.12316

	Growth and fatty acid composition of Acutodesmus obliquus under different light spectra and temperatures
	INTRODUCTION
	MATERIALS AND METHODS
	Chemicals
	Microalgae preparation
	Cultivation device
	Experimental conditions
	Sample preparation and FA analysis
	Instrumental conditions (GC)
	Data evaluation

	RESULTS
	Microalgal growth
	Fatty acids
	Effect of light spectrum on the degree of saturation
	Impact of temperature and light spectrum on the degree of saturation
	cis-trans isomerism of the fatty acid 16:1

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES


