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Abstract
In this work, we have selected four microalgae strains (Chlorella vulgaris, Trachydiscus minutus,
Monodopsis sp., and Monoraphidium sp.) to study their growth in a 30 L short-light path annular-column
photobioreactor (AC-PBR). The aim was to evaluate the potential use of these strains as an alternative
�sh feed in hatcheries based on the content and composition of fatty acids. All microalgae strains
reached a high biomass density between 3.65 and 5.32 g DW L− 1 during a14-day trial when the highest
growth rate of 0.30 ± 0.01 d− 1 was found for the Monodopsis culture. The highest total content of fatty
acids (TFA) was determined for Monodopsis and Trachydiscus biomass as the concentration reached
74.5 ± 6.3 and 72.4 ± 7.6 mg g− 1 DW, respectively. These two strains contained eicosapentaenoic acid
(EPA; C20:5n3), the crucial FA for marine carnivorous �sh. The concentration of EPA reached the value of
25.3 ± 0.9% and 31.9 ± 2.0% of TFA for Monodopsis and Trachydiscus, respectively. The highest amount
of linoleic acid (LA; C18:2n6), important for carnivorous freshwater �sh, was found in Chlorella biomass
up to the concentration of 21.9 ± 1.5% of TFA.

The present results show the possibility of e�cient cultivation of thick microalgae cultures in a larger
scale laboratory photobioreactor as a potential sustainable live feed for rotifers and �sh larvae in
hatcheries.

Introduction
Aquaculture is the fastest-growing chain of the food industry, which is being driven by increased human
consumption as the demand for �sh meat has risen by 300% in the last ten years.

In traditional feeding practice, many components are needed to ful�l all the nutritional requirements for
the �sh feed (Nagappan et al. 2021). A common source of carbohydrates is provided by corn or rice
(Hodar et al. 2020), while proteins are usually derived from soybean, potato, and pea (Montoya-Camacho
et al. 2019), and vegetables or sun�ower oil is a source of lipids (Jones et al. 2020). The main criterion is
sustainability and economy (Nagappan et al. 2021) of the system. To enhance the sustainability of
aquaculture production, the demand for alternative sources of �sh feed is growing due to the global
expansion of the aquaculture industry (Shah et al. 2018; Seong et al. 2021). Unfortunately, known
alternatives are poor in n3 fatty acids (FAs), which are necessary to improve the quality of �sh meat
(Shah et al. 2018). The meat may also be de�cient in certain essential amino acids such as methionine,
tryptophan, lysine, and threonine which are absent in plant-based �sh feed. Microalgae can replace plant
sources as they are rich in proteins, lipids, and carbohydrates, having a positive effect on �sh health.
They also contain all the essential amino acids required for �sh (Nagappan et al. 2021). Compared to the
traditional aquaculture feed, microalgae biomass is also rich in polyunsaturated fatty acids (PUFAs),
which are necessary for nutrition and also for their antimicrobial, antifungal, and antiviral properties as
they reduce risk of infection during development of juvenile �sh (Mishra et al. 2022). The supply of
individual PUFAs, i.e. linoleic acid (LA; C18:2n6), α-linoleic acid (ALA; C18:3n3), eicosapentaenoic acid
(EPA; C20:5n3) and docosahexaenoic acid (DHA; C22:6n3) in the �sh diet is important (Taşbozan and
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Gökçe 2017). LA and ALA, are the most important FA requirement for herbivorous and some carnivorous
�sh (e.g. grass carp, tilapia and rainbow trout) as they are responsible for larvae development (Becker
2004; Ranglová et al. 2022). The presence of LA and ALA in the feed is important for freshwater
carnivorous and herbivorous �sh as longer-chain PUFAs (e.g. EPA and DHA) can by synthesized by chain
elongation. Marine carnivorous �sh such as sea bass and sea bream are fed directly on feed rich in EPA
and DHA (Taşbozan and Gökçe 2017). Recently, the statement that pikeperch larvae are resemble most
marine carnivorous �sh larvae with a dietary requirement for EPA and DHA (Reis et al. 2020) has already
been recently refuted as pikeperch seem to desaturate and elongate FA chain with 18 carbons to longer-
chain PUFAs which means that LA and ALA are important FAs in the feed of pikeperch larvae (Yanes-
Roca et al. 2020).

It is important to emphasize that whereas EPA supports larval survival, DHA promotes larval growth and
the development of neural tissues such as the brain and retina as it is incorporated into nervous tissues
(Figueiredo et al. 2012; Mejri et al. 2021). Thus, the presence of EPA and DHA in aquaculture feed
generally supports the development of juvenile �sh (Li et al. 2015; Mejri et al. 2021). Then, EPA and DHA
obtained from �sh meat are an important part of the human diet (Calder 2006; Lenihan-Geels et al. 2013).

In general, microalgae are considered a promising and sustainable alternative to �sh feed or feed
additives as they improve growth and overall �tness (Li et al. 2015). The health bene�t of several
microalgae strains such as Chlorella, Spirulina, Dunaliella, Tetraselmis, Nannochloropsis and Isochrysis
on �sh has already been reported (Hemaiswarya et al. 2011; Masojídek and Torzillo 2014; Li et al. 2015;
Yanes-Roca et al. 2018, 2020; Seong et al. 2021). As microalgae strains producing long-chain PUFAs,
such as EPA and DHA, invest energy into the production of FAs, there is not much energy left for growth
(Udayan et al. 2022). For use in aquaculture, it is important to select strains with the necessary FA pro�le
and at the same time with a su�cient gowth rate (Yanes-Roca et al. 2020). To maintain low cultivation
costs, microalgae are cultured in open reservoirs (mixed ponds, raceways or cascades). The
disadvantage of these open units is, that it is rather di�cult to keep the monoculture and ensure the
production of biomass with the desired quality (Ranglová et al. 2022). Thus, the use of closed or semi-
closed photobioreactors (PBRs) with arti�cial illumination is favored as they are more e�cient in
obtaining biomass with the required quality. To keep cultivation costs low when using closed or semi-
closed PBRs, these devices are designed to achieve high biomass densities with the main design criteria
being a high surface-to-volume ratio (short light path) and effective culture mixing to utilize light
e�ciently in the intermittent regime generating fast light/dark cycling (Masojídek et al. 2010; Zarmi et al.
2013; Cañedo and Lizárraga 2016). Annular column photobioreactors (AC-PBRs) with central illumination
meet all these requirements (Sergejevová et al. 2015). When cultivating microalgae in these types of
PBRs, high productivity is achieved (Egbo et al. 2018; Ranglová et al. 2022).

In this work, we have studied the growth of selected freshwater microalgae, namely Chlorella vulgaris,
Trachydiscus minutus, Monodopsis sp., and Monoraphidium sp., in a 30 L laboratory ACPBR and the
potential use of selected microalgae in aquaculture as feed was evaluated concerning the content of
unsaturated FAs.
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Materials And Methods

Microalgae strain and cultivation regime
Four freshwater microalgae strains, Chlorella vulgaris R-117 (CCALA 1107;), Trachydiscus minutus
(CCALA 931, Lukavský & Přibyl 2005/1), both obtained from Culture Collection of Autotrophic Organisms,
Institute of Botany, Třeboň, Czech Republic, Monoraphidium sp. (provided by Linda Nedbalová, Charles
University, Prague) and Monodopsis sp. (provided by Alena Lukešová, Biology Centre, Czech Academy of
Sciences, Czech Republic), were used in this work. They are further abbreviated as Chlorella,
Trachydiscus, Monoraphidium, and Monodopsis. The strains were selected based on their FA
composition required for �sh feed, preliminarily determined in our laboratory or on the basis of data from
previous publications (Lukavský 2012; Nedbalová et al. 2017).

Seed cultures (inoculum) were grown in the laboratory in 10 L Pyrex glass �asks using the inorganic BG-
11 medium (Allen and Stanier 1968; Stanier et al. 1979), bubbled with air + 1% CO2 (v/v) with a �ow rate

of 0.1 L min− 1 until the culture reached stationary phase. Photosynthetically active radiation (PAR) of
about 500 µmol photons m− 2 s− 1 was provided continuously by a panel of dimmable warm-white
�uorescent tubes (55 W, Dulux L, Osram, Germany) placed close to the cultivation �ask. Once the
stationary growth phase was reached, the cultures were transferred to the annular column
photobioreactor (AC-PBR) and adjusted to a total volume of 30 L with BG11 medium (for a detailed
technical description see Ranglová et al. (2022)). The AC-PBR was exposed to continuous illumination
and mixed by bubbling air + 1% CO2 (v/v) with a �ow rate of 3 L min− 1. The initial biomass densities were

in the range of 0.5–0.8 g DW·L− 1.Stationary phase was reached after fourteen days of growth.. The initial
light intensity (LI) was set to 200 µmol photons m− 2 s− 1 as it is the optimum saturating irradiance for
most strains and guarantees high productivity (Masojídek et al. 2011, 2021). Light intensity was
gradually increased according to the values obtained for light penetration, with a �nal maximum value of
1.600 µmol photons m− 2 s− 1. Transmitted light was measured manually using a spherical sensor inside
the culture. The temperature was maintained at the optimum value for each strain, i.e. 25°C for Chlorella
(Ranglová et al. 2019), 27°C for Trachydiscus (Lukavský 2012), 20°C for Monoraphidium (Nedbalová et
al. 2017) and Monodopsis was grown at 22°C (Arora and Mishra 2019) by circulating cooling water in a
cooling loop submerged in the culture. Photosynthesis measurements and biomass analysis were
performed every day at the same time.

Growth performance
Biomass density was measured as dry weight (DW) as previously described (Babaei et al. 2017; Ranglová
et al. 2019; Malapascua et al. 2019). The speci�c growth rate µ (d− 1) of microalgae cultures was
calculated over the period of the exponential phase, using Eq. 1,

µ = 
(ln DW2 – ln DW1)

t2 – t1
 (eq. 1) 



Page 5/17

where DW2 and DW1 are the �nal and initial biomass densities (g DW L− 1) at times t2 and t1 (d),
respectively.

The volumetric and areal productivity was calculated for each strain individually, using equations 2 and 3,
respectively,

P(V) = 
(DW2 – DW1)

t2 – t1
 (eq. 2) 

P(A) = 
P(V) × V

S  (eq. 3) 

where P(V) is the productivity related to the unit volume of cultivated suspension (g DW L− 1 d− 1), DW2

and DW1 are the �nal and starting biomass densities (g DW L− 1) at the time period t2 – t1 (d),

respectively. P(A) is the productivity related to the illuminated area of the AC-PRB (g DW m− 2 d− 1), V is the
culture volume (L) and S is the illuminated surface area (m2).

Photosynthesis measurements
Measurements of photosynthetic activity of each strain were performed using the Chl �uorescence
technique as described previously (Malapascua et al. 2014; Silva Benavides et al. 2017; Babaei et al.
2017; Ranglová et al. 2019; Babaei et al. 2020; Ranglová et al. 2022). Microalgae samples were collected
every day at the same time and diluted to 0.2–0.3 g DW L− 1. They were dark-adapted for 10 min in a
controlled water bath to keep cultivation temperature and measured using a saturation pulse analysis of
Chl �uorescence quenching (PAM-2500, H. Walz, Germany) to construct rapid lightresponse curves (RLC).
Data was recorded in triplicates. The maximal PSII photochemical e�ciency Fv/Fm was calculated as the
ratio of variable to maximal �uorescence yield, using Eq. 4.

Fv/Fm=
Fm – F0

Fm
(eq. 4) 

Analysis of fatty acids
The analysis of FAs in microalgae biomass was carried out as described previously (Ranglová et al.
2022). The samples were collected at the end of the trial and the amount corresponding to 5–10 mg of
lyophilized microalgae biomass was used for one measurement. The value is given as the average of a
total of 3 repetitions.

Statistical analysis
The reported values are the means of individual samples measured in triplicate, the error bars represent
analytical standard deviation. Sigma Plot 11.0 was used to determine signi�cant differences between

( )
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treatments as oneway ANOVA and Holm-Sidak test was run for every binary combination of data. P
values lower than 0.05 were considered signi�cantly different.

Results

Growth
Four microalgae strains were studied for biomass and FA production in the AC-PBR. The cultures grew
exponentially until they reached stationary phase. Only a short lag phase was observed for Trachydiscus
during the �rst 24 h after inoculation, the other three microalgae, Chlorella, Monodopsis and
Monoraphidium, grew well from the beginning of the trial. The initial lag phase could be caused by photo-
stress due to a low cell desnity of only 1.4×107 cells mL− 1; the same biomass density of 0.48 g DW L− 1

corresponded to 4.9 × 107 cells mL− 1 in Monodopsis culture (data not shown here). When evaluated
within the entire trial, the highest biomass density of 5.32 ± 0.06 g DW L− 1 was achieved in the Chlorella
culture. High biomass density of 4.95 ± 0.01 g DW L− 1 and 4.90 ± 0.05 g DW L− 1 was also achieved when
cultivating Trachydiscus and Monoraphidium, respectively. The highest growth rate of 0.30 ± 0.01 d− 1

was calculated for Monodopsis culture (Fig. 1).

Figure 1

The speci�c growth rate [d− 1] of selected microalgae strains (Trachydiscus minutus, Monodopsis sp.,
Monoraphidium sp. and Chlorella vulgaris) cultivated in AC-PBR. Data are presented as a mean of three
replicative measurements and error bars represent analytical standard deviation. Values with the same
letters did not differ signi�cantly from each other (P > 0.05).

The areal and volumetric productivity of the AC-PBR was calculated for the exponential growth phase
(Table 1). The highest volumetric and areal productivity of 0.52 g DW L− 1 d− 1 and 22.3 g DW m− 2 d− 1,
respectively in the AC-PBR were achieved in the trial using the Monoraphidium culture. Slightly lower
productivities were calculated for Monodopsis and Chlorella cultures and the lowest volumetric
productivity of 0.36 g DW L− 1 d− 1 and areal productivity of 15.3 g DW m− 2 d− 1 were found for the
Trachydiscus culture. Nevertheless, even with the lowest productivity of Trachydiscus, the achieved
biomass density was almost 5 g DW L− 1.
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Table 1
Volumetric P(V) and areal P(A) productivity of selected microalgae

cultivated in AC-PBR. The calculations were carried out in the
exponential growth phase.

Microalgae strain P(V) [g DW L− 1 d− 1] P(A) [g DW m− 2 d− 1]

Trachydiscus minutus 0.36 15.3

Monodopsis sp. 0.41 17.6

Monoraphidium sp. 0.52 22.3

Chlorella vulgaris 0.40 17.1

Photosynthetic performance
Photosynthetic performance measured by saturating pulse analysis of �uorescence quenching showed
that the maximum PSII photochemical yield, Fv/Fm can give a fast estimate of the physiological state of
a microalgae culture (Ranglová et al. 2019, 2021; Babaei et al. 2020).

The initial Fv/Fm ranged between 0.53 and 0.70 and after photo-acclimation, the values started to
increase in most microalgae cultures. Nevertheless, the step-by-step increase of LI caused a slight,
temporal decrease of Fv/Fm during the trial in most microalgae strains followed by the recovery re�ecting
the photo-acclimation to the higher LI. The physiological state of Monoraphidium was practically stable
during the whole trial keeping a maximum PSII photochemical yield of 0.70 ± 0.01 (Fig. 2).

Fatty acid analysis
The total content of FAs and the quali�cation and quanti�cation of individual ones in all microalgae
strains - Trachydiscus, Monodopsis, Monoraphidium, and Chlorella – is listed in Tables 2 and 3,
respectively. The highest FA content was found in Monodopsis, Monoraphidium and Trachydiscus
biomass reaching the value of 79.3 ± 1.5 mg g− 1 DW, 78.2 ± 2.4 mg g− 1 DW and 72.4 ± 7.6 mg g− 1 DW,
respectively. The highest amount of PUFA was found in Chlorella biomass, where mainly LA in the
amount of 22.0 ± 1.5% of TFA was presented. The EPA was presented in signi�cant amounts of 24.7 ± 1.3
and 30.6 ± 0.6% of TFA in Monodopsis and Trachydiscus, respectively. LA and ALA were also present. The
content of these FAs in Trachydiscus biomass reached 6.2 ± 0.3 and 0.5 ± 0.1% of TFA, respectively, while
in Monodopsis biomass the amounts of LA and ALA were 4.5 ± 0.1 and 1.3 ± 1.1% of TFA. The highest
amount of LA was found in Chlorella biomass (22.0 ± 1.5% of TFA), but unfortunately, this microalgae
contained the least amount of TFA, namely 57.9 ± 1.7 mg g− 1 DW.
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Table 2
The total amount of fatty acids [mg g− 1 DW] in
microalgae biomass harvested at the end of the

trial. Data are present as a mean of three
replicates ± SD. Values with the same letters did

not differ signi�cantly from each other (P > 0.05).
Microalgae strain Amount [mg g− 1 DW]

Chlorella vulgaris 57.9a ± 1.7

Monodopsis sp. 79.3b ± 1.5

Monoraphidium sp. 78.2b ± 2.4

Trachydiscus minutus 72.4b ± 7.6
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Table 3
Fatty acid composition of selected microalgae strains cultivated in the AC-PBR. Data are

expressed as % of total fatty acids (TFA) and are presented as a mean of three replicates ± SD.
Values with the same letters did not differ signi�cantly from each other (P > 0.05).

Fatty acid

[% of TFA]

Microalgae strain

Chlorella Monodopsis Monoraphidium Trachydiscus

C12:0 0.5a ± 0.2 ndb ndb ndb

C14:0 1.1a ± 0.2 8.1b ± 0.1 0.7a ± 0.2 28.8c ± 0.7

C16:0 22.8a ± 0.4 20.5b ± 2.0 25.4c ± 0.7 7.9d ± 0.1

C16:1n7 1.4a ± 0.1 32.0b ± 1.2 0.9a ± 0.1 12.0c ± 0.1

C16:2 10.1a ± 1.3 ndb 0.4b ± 0.0 ndb

C16:3 nda nda 1.2b ± 0.0 nda

C16:4 10.6a ± 1.1 ndb 1.2b ± 0.0 ndb

C18:0 2.5a ± 0.1 0.9b ± 0.2 8.6c ± 0.3 0.6b ± 0.1

C18:1n9 1.7a ± 0.1 1.3a ± 0.1 26.8b ± 0.7 1.7a ± 0.1

C18:1n7 nda 0.8b ± 0.2 0.6b ± 0.0 0.3a ± 0.1

C18:2n6 22.0a ± 1.5 4.5b ± 0.1 2.9b ± 0.0 6.2c ± 0.3

C18:3n6 19.5a ± 1.8 0.9b ± 0.1 15.9a ± 0.3 6.3c ± 0.1

C18:3n3 2.1a ± 0.1 1.3a ± 1.1 0.3b ± 0.1 0.5b ± 0.1

C18:4n3 nda 0.2a ± 0.0 14.6b ± 0.2 0.3a ± 0.0

C20:0 nda nda 0.5b ± 0.0 nda

C20:3n3 nda nda nda 1.3b ± 0.1

C20:3n6 nda 5.0b ± 0.3 nda 3.4c ± 0.0

C20:5n3 nda 24.7b ± 1.3 nda 30.6c ± 0.6

SFAs 26.9 ± 0.9a 29.5 ± 2.3a 35.2 ± 1.2b 37.3 ± 0.9b

MUFAs 3.1a ± 0.2 34.1b ± 1.5 28.3c ± 0.8 14.0d ± 0.3

PUFAs 64.3a ± 5.8 36.6b ± 2.9 58.1a ± 1.5 48.6c ± 1.2
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Discussion
High production costs have often obstructed the use of microalgae cultivation units in many hatcheries
(Hemaiswarya et al. 2011) as these must be optimally designed to use light and nutrients e�ciently in
order to obtain high biomass densities (Ranglová et al. 2022). Furthermore, in every cultivation system,
effective gas exchange (e.g. O2 degassing) must take place (Masojídek and Torzillo 2014). After meeting
these requirements, the microalgae biomass will become more useful and pro�table for hatcheries. Such
requirements have been guaranteed by the AC-PBR with a short light path of only 46 mm, where high LI of
up to 1,600 µmol photons m− 2 −1 can be used for cultivation of dense microalgae cultures (see detailed
technical description of the AC-PBR in Ranglová et al. (2022)). When growing Vischeria stellata in the
ACPBR, a maximum biomass density of 4.4 ± 0.05 g DW L− 1 and the speci�c growth rate of µ = 0.16 d− 1

was achieved (Ranglová et al. 2022).

In this work, we have achieved the same growth rate when cultivating Trachydiscus. Moreover, a
signi�cantly higher growth rate was determined for Monodopsis. This can be contributed to better
photosynthetic performance in the late exponential phase of growth compared to the Trachydiscus
culture. The highest growth rate of Monodopsis among the other strains used in this work was also
observed during the cultivation in 400 mL glass bubble columns characterized by a short optical light
path of 35 mm (Ranglová et al., unpublished data). A higher growth rate of Monoraphidium could be
achieved by decreasing the growth temperature, as this strain is cold-tolerant and can grow at a wide
temperature range of 1–20°C (Nedbalová et al. 2017). On the other hand, keeping a low temperature is
complicated and uneconomical from a biotechnological point of view.

The volumetric productivity values measured in this work were even higher compared to the number
achieved previously (Ranglová et al. 2022). Compared to the present trials, much lower daily volumetric
productivity of Monodopsis of only 2.7 mg DW L− 1 d− 1 was found by Arora and Mishra (2021); the cause
of which could be the very low light intensity which they used when culturing in Erlenmeyer �asks, as light
is the most important factor for microalgae growth (Masojídek and Torzillo 2014). The light availability
affects not only growth (biomass production) but also the biochemical composition such as the
production and composition of FAs (Lukavský 2012; Van Wagenen et al. 2012; Hu et al. 2013; Ranglová
2020). In the process of photoacclimation or photoadaptation, microalgae can change cell composition.
The content of PUFAs, including EPA, is inversely related to light intensity during culturing. Low light
usually increases the production of PUFAs (Hu et al. 2013; Conceição et al. 2020), whereas high light
results in an increase of saturated fatty acids (SFAs), this can be seen in the samples with the highest
concentration of PUFAs determined at the end of the cultivation of Chlorella and Monoraphidium in this
work, as they were the cultures with the lowest light available in proportion to the cultures of the highest
density.

Other authors, Petkov and Garcia (2007) also studied the composition of FAs of Chlorella sp. in
laboratory experiments using high density biomass up to 4.5 g DW L− 1. When compared to our data, the
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cells re�ected the same photo-limitation showing the same concentration of PUFAs in the biomass at the
end of the trial.

During the study of FA production in the biomass of Trachydiscus minutus, the highest concentration of
EPA 42 ± 6% of wet weight (WW) was measured at the end of laboratory cultivation under 83 µmol
photons m− 2 s− 1, while only 27 ± 4% of WW was qunti�ed at the higher LI of 161 µmol photons m− 2 s− 1

(Cepák et al. 2014). The further increase in LI to 1,200 µmol photons m− 2 s − 1 available under outdoor
cultivation caused a decrease in EPA of about 3 ± 1% (Iliev et al. 2010; Cepák et al. 2014). Even though it
is the same strain, we cannot compare our results (2.2 ± 0.3% of DW of EPA) with these as they
determined FA content in WW. The effect of various nitrogen sources in the cultivation medium on the FA
composition of Trachydiscus biomass was studied by Cepák et al. (2014). Using KNO3, they reached
MUFA and PUFA concentrations of 15.5 ± 1.7 and 40.4 ± 4.2% of TFA, respectively, which is very similar to
our results (14.0 ± 0.3 of TFA for MUFAs and 48.6 ± 1.2% of TFA for PUFAs). Neither the use of alternative
nitrogen sources such as urea, ammonium nitrate and ammonium carbonate, nor the increase in salinity
of the cultivation medium have resulted in a higher concentration of PUFAs (e.g. EPA) in the harvested
biomass compared to our data con�rming the suitability of the AC-PBR to produce microalgae biomass
with high (FA) quality.

By decreasing the cultivation temperature below the optimum level, the degree of unsaturation of lipids in
membrane systems can be increased as the cells start to protect the photosynthetic apparatus from
photo-inhibition at low temperatures (Hu et al. 2013; Ranglová 2020). This was obvious when
Monoraphidium sp. was cultivated at 3°C. The content of PUFAs increased to 69.7% of TFA (Nedbalová et
al. 2017) from 58.1% of TFA when cultivating at optimum temperature in this work. Here, again the
problem is the maintenance of low-temperature cultivation.

Of the four microalgae strains used in this work, only two of them were the producers of EPA -
Trachydiscus and Monodopsis as previously discussed. The EPA concentration in Monodopsis was
almost similar and, in addition, the yield can be enhanced not only by the temperature and irradiance
change, but also by the addition of auxins and cytokinins into the cultivation medium (Arora and Mishra
2019).

The use of Chlorella as an aquaculture feed has been discussed previously in several studies (Sa� et al.
2013; Yanes-Roca et al. 2020; Carneiro et al. 2020; Chen et al. 2021). Only scarce information is available
about the use of Monoraphidium (Fujii et al. 2010), and no data has been published on the use of
Monodopsis and Trachydiscus in aquaculture. This work has shown the possibility of application of
these two eustigmatophyceans, Monodopsis and Trachydiscus, as a promising aquaculture feed being
rich sources of PUFA (namely EPA), which the growth rate is either comparable or even higher compared
to that of Chlorella.

Conclusions
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In this work, we have demonstrated an e�cient laboratory scale production of microalgae cultures up to a
biomass density of 5 g DW L− 1 which can be used as a complex aquaculture feed. The four microalgae
strains used in this work, Chlorella, Trachydiscus, Monodopsis and Monoraphidium can serve as a
sustainable live feed for rotifers as well as �sh larvae in hatcheries, as the quality of microalgae biomass
meets all the requirements for the feed quality, namely due to FA composition.
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Figures

Figure 1

The speci�c growth rate [d-1] of selected microalgae strains (Trachydiscus minutus, Monodopsis sp.,
Monoraphidium sp. and Chlorella vulgaris) cultivated in AC-PBR. Data are presented as a mean of three
replicative measurements and error bars represent analytical standard deviation. Values with the same
letters did not differ signi�cantly from each other (P > 0.05).
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Figure 2

Changes in the maximum quantum yield of PSII (Fv/Fm) during the cultivation of selected microalgae in
the AC-PBR. The culture was grown at increasing light intensities depending on the permeability of the
culture. Each increase is indicated by an arrow above the bar of each strain (LIinitial (D1) = 400 µmol m-2 s-

1, for Chlorella culture the LI was increased twice to 800 (D7) and 1,600 µmol m-2 s-1 (D10); for
Monodopsis the LI was increased to 600 (D7), 800 (D8), 1200 (D9) and 1,600 µmol m-2 s-1 (D13), for
Monoraphidium the LI was increased two times to 600 (D8) and 1,600 µmol m-2 s-1 (D9) and for
Trachydiscus the LI was increased three times during the trial to 800 (D7), 1,200 (D8) and 1,600 µmol m-2

s-1 (D12)). Data are presented as a mean of triplicate measurements (error bars represent analytical
standard deviation). The statistics was calculated for each day separately showing the statistical
difference between the cultures at the same time. Values with the same letters did not differ signi�cantly
from each other (P > 0.05).


