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Productive response of Nannochloropsis oculata, cultured in different media and 
their efficiency as food for the rotifer Brachionus rotundiformis

Respuesta productiva de Nannochloropsis oculata, cultivada en diferentes medios y su eficiencia 
como alimento para el rotífero Brachionus rotundiformis

Campaña-Torres A1, LR Martínez-Córdova2, M Martínez-Porchas3, JA López-Elías2, 		
MA Porchas-Cornejo1

Resumen. Se condujo un experimento para evaluar el efecto de 
diferentes medios de cultivo sobre la respuesta productiva y compo-
sición proximal de la microalga, Nannochloropsis oculata, y el efec-
to subsiguiente de dicha microalga sobre la respuesta productiva y 
composición proximal del rotífero Brachionus rotundiformis. La mi-
croalga fue cultivada en distintos medios: Guillard F/2 (control), un 
fertilizante agrícola, y un fertilizante acuícola. Posteriormente, estas 
microalgas fueron utilizadas para alimentar rotíferos. Se observó una 
mejor respuesta productiva en aquellas microalgas cultivadas con el 
fertilizante agrícola. Además, la composición química proximal de las 
microalgas fue influenciada por el medio de cultivo utilizado. Cuan-
do se utilizaron las microalgas como alimento natural para rotífe-
ros, se observó una mejor respuesta productiva en aquellos rotíferos 
alimentados con microalgas previamente cultivadas con fertilizante 
acuícola. La composición química proximal de los rotíferos también 
fue influenciada por el tipo de microalgas que consumieron. En con-
clusión, la respuesta productiva y calidad de las microalgas dependió 
del medio en que se desarrollaron; también, la respuesta productiva y 
composición proximal de los rotíferos dependió de la calidad nutri-
cional de N. oculata.

Palabras clave: Alimento natural; Calidad de microalga; Composi-
ción proximal; Medios alternativos; Producción de rotíferos; Respuesta 
productiva.

Abstract. An experiment was conducted to evaluate the effect 
of different culture media on the productive response and proximate 
composition of microalgae, Nannochloropsis oculata, and the sub-
sequent effect of such microalgae on the productive response and 
proximate composition of the rotifer Brachionus rotundiformis. Mi-
croalgae were cultured in different media: Guillard F/2 (control), an 
agricultural fertilizer, and an aquacultural fertilizer. Thereafter, such 
microalgae were used to feed rotifers. A better productive response 
was observed when microalgae were cultured in the agricultural fer-
tilizer. In addition, the chemical proximate composition of microal-
gae was influenced by the type of culture medium used. When used 
as natural food for rotifers, higher productive response was observed 
in those rotifers fed with microalgae previously cultured in the aqua-
cultural fertilizer. Also, the proximate composition of rotifers was 
influenced by the type of microalgae they consumed. In conclusion, 
the productive response and quality of microalgae depended on the 
medium in which they grew; also, the productive response and proxi-
mate composition of rotifers depended upon the nutritional quality 
of N. oculata.

Keywords: Alternative medium; Culture medium; Microalgae 
quality; Natural feed; Productive response; Proximate composition; 
Rotifer production.
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INTRODUCTION
The use of live feed in aquaculture is a key aspect for the 

success in nursery and larval stages of fish and crustacean; 
however, the use of such food source has high economical 
costs (Lin et al., 2009). Besides the common use of microal-
gae for most of the cultured species, the use of Artemia as live 
feed seems to be a universal practice in aquaculture (Faleiro 
& Narciso, 2009; Campaña-Torres et al., 2010; González et 
al., 2010). However, Artemia is expensive, sometimes scarce 
or may have doubtful quality (Watanabe et al., 1983). Herein, 
different systems to produce alternative organisms have been 
performed in order to replace Artemia at larviculture and 
nursery phases; among the alternative organisms to be used 
as live feed, stand out copepods (Rippingale & Payne, 2005; 
Farhadian et al., 2009; Martínez-Córdova et al., 2011), roti-
fers (Campaña-Torres et al., 2009) and cladocerans (Wiwat-
tanapatapee et al., 2002; Martin et al., 2006).

The highest operative cost in the culture of these alterna-
tive organisms is the microalgae production, since they are 
used as the prime feed for such species. In particular, the 
media for microalgae culture based on highly purified com-
pounds are too expensive. Successful attempts have been 
made in order to substitute conventional media for alternative 
and less expensive media. For instance, Voltolina & Lopez-
Elías (2002) documented that agricultural fertilizers are viable 
from the technical and economical perspective, for the culture 
of diatoms. Simental-Trinidad et al. (2002) cultured benthic 
diatoms using agricultural fertilizers. Sanchez-Torres et al. 
(2008) used media enriched with fish isolates to culture Nan-
nochloropsis oculata. Paniagua-Michel et al. (1987) evaluated 
the culture of marine microalgae using nutrients obtained 
from biodigestors.

The effect of the alternative media on the productive re-
sponse and nutritional quality of microalgae, and on the effec-
tiveness of such microalgae used as food source for diverse ro-
tifer and zooplankton species (that are commonly used as live 
feed for fish and crustacean) have not yet been determined. 
Moreover, microalgae cultured in alternative media could 
have an effect on the proximate composition and nutritional 
value of such species. The use of rotifers as live feed has dem-
onstrated to improve aquaculture yields, in particular Brachio-
nus spp. (Campaña-Torres et al., 2009). Herein, N. oculata is 
one of the most important feed used to produce Brachionus 
sp. (Spolaore et al., 2006a); however, scarce information was 
found regarding the effect of culture media on microalgae re-
sponse as well as the effect of such microalgae on the rotifer 
productive performance.

The objectives of this experiment were to evaluate two al-
ternative media (one agricultural, one aquacultural) for cultur-
ing the microalgae Nannochloropsis oculata, and the efficacy of 
such microalgae on the production and proximate composi-
tion of the rotifer Brachionus rotundiformis.

MATERIALS AND METHODS
Experiment 1: Microalgae culture. Two alternative media 

and a control were used to culture the microalgae Nannochlo-
ropsis oculata. A simple experimental design was performed 
with four replicates per treatment. Microalgae inoculums 
(Nannochloropsis oculata) were obtained from a commercial 
laboratory (Maricultura del Pacifico, S.A.) at Sonora, México. 
Guillard F/2 medium was used to maintain the inoculums 
alive.

Different media were used to evaluate their effect on the 
productive response and proximate composition of N. oculata 
(Table 1). The control consisted in the conventional medium 
Guillard F/2 (GF/2; Guillard, 1975). Treatment 1 (T-Agri) 
was based on the use of an agricultural fertilizer (Monoam-
monium Phosphate, NH4H2PO4). To prepare the medium, 
137 g of the fertilizer were diluted in 1 L of filtered and 
sterile water; thereafter, the medium was enriched with 1 
mL/L of a mixture of minerals (ferric chloride, cupric sul-
fate, zinc sulfate, cobalt chloride, manganese chloride and 
sodium molybdate). Treatment 2 (T-Aqua) was based on 
an aquacultural fertilizer “Nutrilake with phosphorus” (Fer-
tlizantes Tepeyac, Obregón, Sonora, México) enriched with 
vitamins for human consumption (Bedoyecta); the vitamin 
solution was added to the medium at a rate of 0.01 mL/L. 
Media were administered to each treatment at the beginning 
of the trial at a rate of 1 mL/L.

Guillard
F/2 medium (%)

Agriciltural 
Fertilizer (%)

Aquacultural 
Fertilizer (%)

Nitrogen 20.2 11.0 15.0
Phosphorus 5.0 48.0 6.1
Silica 21.9 22.7 3.5

Table 1. Chemical content of the different media used to culture 
microalgae Nannochloropsis oculata.
Tabla 1. Contenido químico de diferentes medios utilizados para el 
cultivo de la microalga Nannochloropsis oculata.

The experimental cultures were initiated in assay tubes (50 
mL) using Guillard F/2 medium, until a density of 4 x 106 
cells/mL was achieved. After that, microalgae were divided in 
the three different treatments; from that point on, microalgae 
were cultured and scaled to 80 L fiberglass columns, using the 
media described above (Control, T-Agri and T-Aqua) dur-
ing three days. The initial density of microalgae cultured in 
columns was 1 x 105 cells/mL for each column.

A light intensity of 100 μmol/m2s, an environmental tem-
perature of 21-23 °C, pH 8.2-8.5 and constant aeration were 
maintained during all the experimental period, as suggested 
by López-Elías et al. (2004). The water used for microalgae 
culture had a salinity of 34‰ and was previously filtered and 
sterilized.
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Microalgae response. Growth rate was evaluated at the end 
of the bioassay; the cellular density was measured using a Neu-
bauer® chamber (VWR Scientific, Los Angeles, CA, USA) 
and an optical microscope (Ward´s®, Rochester, N. Y., USA). 
To calculate the growth rate, the following equation was used: 

Finally, the protein, carbohydrate, lipid and ash contents of 
rotifers were estimated on a dry basis, by using the standard 
methods of the Association of Official Analytical Chemists 
(AOAC).

Statistical analysis. Production parameters of microalgae 
and rotifers were analyzed by a one-way ANOVA and a sub-
sequent mean comparison test (Tukey). If data did not comply 
with normality (Shapiro-Wilk) and homoscedastic (Bartlett) 
tests, a non-parametric test was used (Kruskall-Wallis). Proxi-
mate composition of microalgae and rotifers was analyzed by a 
chi-square test. A significance level of α = 0.05 was considered.

RESULTS
Experiment 1: Microalgae response. Growth rate (K) and 

generation time (gt) appeared to be better in microalgae cul-
tured with the agricultural fertilizer (T-Agri; Monoammo-
nium Phosphate) (Fig. 1) although no significant differences 
(p>0.05) among treatments were registered. However, such 
responses were reflected on the final microalgae concentration 
and biomass. Microalgae concentration was 70% higher when 
cultured in the agricultural fertilizer (T-Agri; > 2.0 x 106 cells/
mL) than that observed in microalgae from T-Aqua and simi-
lar to those cultured in the control (1.76 x 106 cells/mL; Fig. 1, 
Table 2). A similar tendency was observed for biomass response 
(Table 2); the highest biomass was observed in T-Agri (14.3 
mg/L), while the lowest was observed in T-Aqua (8.7 mg/L).

K =
 ( Ln 

Bn / B0 
)

(tn - t0)

where K was growth rate, B0 the microalgae density (cell/mL) 
at the beginning, Bn the microalgae density at any time, and 
tn- t0 was the period of the culture from inoculation. 

The generation time (gt) was estimated as 
Final dry biomass was estimated after filtration with a 0.2 μm 
membrane average pore and dried in an oven until constant 
weight.

To analyze microalgae proximate composition (protein, 
lipid, carbohydrate and ash), samples were filtered using fi-
berglass filters (47 mm; Walkman® Maidstone UK) previously 
dried. The protein content was measured following the meth-
odology described by Lowry et al. (1951), and modified by 
López-Elías & Voltolina (1993). The carbohydrate concen-
tration was estimated by the “phenol-sulfuric acid” method 
suggested by Dubois et al. (1956). The lipid content was cal-
culated by a colorimetric method described by Pande et al. 
(1963) and modified by Bustillos-Hurtado & López-Elías 
(1994). Ash was estimated by incineration of samples at 475 
°C, as documented by Sánchez-Saavedra & Voltolina (2006).

Experiment 2: Use of microalgae to feed rotifers. Once high 
densities of microalgae cultured in different media were achieved, 
they were evaluated as food source for rotifers; the zooplankton 
species were reared and fed with microalgae during 15 days. 

A simple and randomized experimental design was per-
formed to evaluate the effect of microalgae (N. oculata) cul-
tured in medium GF/2 (m-control), the agricultural fertilizer 
(mT-Agri) and the aquacultural fertilizer (T-Aqua), on the 
productive response and proximate composition of B. rotundi-
formis. Four repetitions per treatment were performed. 

The experimental units consisted on 19-L plastic tanks 
provided with air stones; the rotifer culture was started with a 
density of 2.5 rotifers/mL. Microalgae were added daily and 
a density of 3 x 105 cells/mL was maintained within each ex-
perimental unit. At the end of the culture, rotifers were har-
vested with a net (60 mesh); thereafter, the number of rotifers/
mL, free eggs/mL and the fecundity index were calculated; 
subsamples (10 x 50 mL) were collected from each unit and 
counted by stereoscopic microscopy (50 x) (DelValls et al., 
1996). Fecundity index was estimated by the method pro-
posed by Ramírez-Sevilla et al. (1991), considering total of 
females and those females with eggs.

gt = ( 1 ) (24).K

Fig. 1. Weekly concentration of N. oculata cultured in different me-
dia based on an agricultural fertilizer (T-Agri), an aquacultural fertil-
izer (T-Aqua) and a conventional medium (Guillard F/2).
Fig 1. Concentración semanal de N. oculata cultivada en diferentes 
medios basados en un fertilizante agrícola (T-Agri), un fertilizante acuí-
cola (T-Aqui) y un medio convencional (Guillard F/2).

Regarding the proximate composition, higher carbohydrate 
concentrations were observed for microalgae cultured in T-Agri 
(24.15%), followed by T-Aqua (20.8%) and the control (Guil-
lard F/2; <18.8%) (Table 3). Contrarily, the lipid concentration 
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was higher in microalgae from control (>30%) compared to 
both treatments (<28%) (Table 3). The protein concentration 
was higher in microalgae from T-Aqua (>23%) compared to 
the other treatments (<21%). No differences were observed for 
ash concentrations which ranged from 26 to 27%.

Treat Culture media K
divisions/day

Generation time
(h)

Final concentration
(cells/mL x 106)

Final biomass
(mg/L)

T-Agri Monoammonuim
Phosphate

1.04±0.21a 23.1±4.8a 2.25±0.47b 14.3±2.8b

T-Aqua Nutrilake 0.81±0.24a 29.6±8.9a 1.26±0.39a 8.7±1.6a
Control Guillard F/2 0.96±0.26a 25.0±7.0a 1.76±0.50ab 11.6±3.1ab

Table 2. Production parameters of N. oculata cultured in different media.
Tabla 2. Parámetros de producción de N. oculata cultivada en diferentes medios.

Treatments Carbohydrate
(%)

Lipid
(%)

Protein
(%)

Ash
(%)

T-Agri 24.51±1.07c 24.84±1.08a 20.61±1.44a 26.9±2.21a

T-Aqua 20.77±0.49b 27.00±0.59a 23.12±0.53b 25.9±2.02a

Control 18.85±1.31a 30.24±1.43b 20.89±1.54a 27.3±1.09a

Table 3. Chemical proximate composition of N. oculata cultured in 
three different media.
Tabla 3. Composición química proximal de N. oculata cultivadas en 
tres diferentes medios.

Treatments 
(Feed 
source)

Rotífers/mL Free eggs / 
mL

Eggs/mL Fecundity 
index

mT-Agri 96.75±10.56a 10.5±2.38b 11.25±2.63b 1.12±0.11b

mT-Aqua 132.5±6.35b 14.5±1.29c 20.25±3.30c 1.25±0.09c

m-control 111.5±9.29a 2.50±2.38a 7.00±2.16a 0.67±0.12a

Table 4. Production parameters of rotifer, Brachionus rotundiformis 
fed on N. oculata previously cultured in different media.
Tabla 4. Parámetros de producción del rotífero, Brachionus rotundiformis 
alimentados con N. oculata previamente cultivada en diferentes medios.

Experiment 2: Zooplankton response. Higher productive 
responses were observed in those rotifers fed with microalgae 
previously cultured in T-Aqua (mT-Aqua), followed by those 
fed with microalgae from T-Agri (mT-Agri) and the control 
(m-control) (Table 4). Rotifers fed with mT-Aqua showed the 
highest density (>130 rotifers/mL), number of eggs (>20 eggs/
mL), free eggs (>14 eggs/mL) and fecundity index (>1.2). No 
differences in density were observed among rotifers fed with 
mT-Agri and m-control; however, higher number of eggs, free 
eggs and fecundity index were observed in the treatment where 
mT-Agri was used, compared to m-control (Table 4).

The proximate composition of rotifers was affected by 
the different treatments (Table 5). Rotifers fed on mT-Ag-
ri showed the highest carbohydrate concentration (22.7%) 
followed by those fed on m-control (15.9%) and mT-Aqua 

Treatments 
(Feed source)

Carbohydrate 
(%)

Lipid 
(%)

Protein 
(%)

Ash 
(%)

mT-Agri 22.72±1.64c 24.12±2.28b 45.73±3.31a 4.6±0.3

mT-Aqua 10.36±1.05a 21.76±3.18a 61.37±4.22b 4.5±0.2

m-control 15.94±2.05b 21.04±2.50a 55.51±2.69b 4.5±0.4

Table 5. Chemical proximate composition of B. rotundiformis fed 
on N. oculata previously cultured in different media.
Tabla 5. Composición química proximal de B. rotundiformis alimen-
tada con N. oculata previamente cultivada en diferentes medios.

(10.3%). Lipid concentration was higher in rotifers fed on 
mT-Agri (>24%) compared to those fed on mT-Aqua and 
m-control (<22%). The protein concentration was the lowest 
in rotifers fed on mT-Agri (>46%), while no differences were 
assessed among the other treatments (>55%) (Table 5).

DISCUSSION
The experimental conditions maintained during the study 

were similar to those reported by Spolaore et al. (2006b) as 
suitable for N. oculata.

The production of N. oculata observed in all treatments was 
one order of magnitude lower than that obtained in photo-
bioreactors using F/2 medium. However, it was similar to the 
production achieved in commercial laboratories which cultivate 
their microalgae using the same methodology of this experi-
ment (Chini Zittelli et al., 2003). It is remarkable that micro-
algae cultured in the agricultural fertilizer had a similar produc-
tive response than those cultured in the conventional medium 
(control). This could represent a better alternative to substitute 
the conventional medium, which is more expensive and less ac-
cessible to consumers compared to the agricultural fertilizer. Re-
garding the aquacultural fertilizer, it was demonstrated that N. 
oculata can somehow use it as nutrient source, but the productive 
response was not the expected; Leal et al. (2004) reported that 
the excessive use of aquacultural fertilizer (Nutrilake) resulted in 
lower production of the microalgae Tetraselmis suecica, compared 
to other nutrient sources. It is possible that the lower content of 
metasylicate in the aquacultural fertilizer compared to the other 
treatments could have a negative effect on the growth of micro-
algae. Silicate is an essential nutrient and a deficiency negatively 
affects the growth process of diatoms (Wen & Chen, 2000).
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The effect of culture media was also reflected on the proxi-
mate composition of microalgae. Carbohydrate and protein con-
centrations were similar or near the values reported for Nanno-
chloropsis sp. (Rebolloso-Fuentes et al., 2001), except for the lipid 
content, which was quite higher. However, other authors have 
reported similar lipid concentrations for this species (Renaud et 
al., 1991). The changes on proximate composition of microalgae 
produced by the different culture media appeared to have a sub-
sequent effect on the productive response of rotifers. Some au-
thors have reported that the type and quality of feed consumed 
by rotifers Brachionus sp. have an effect on their chemical proxi-
mate composition (Whyte et al., 1990; Forlov et al., 1991).

In spite that the better productive responses were achieved 
in microalgae cultured with the conventional medium and 
the alternative agricultural fertilizer, the better productive re-
sponses of rotifers were observed when mT-Aqua was used as 
feed. Thus, the quality of microalgae produced by agricultural 
fertilizers could not be adequate at all for rotifer production; 
however, the nutritional quality should also be estimated by 
measuring the fatty acids and amino acids profiles.

Considering the better productive response of microalgae 
cultured in T-Agri, the agricultural fertilizer must be stud-
ied as potential medium to produce N. oculata destined as 
food source for other species or other purposes. For instance, 
N. oculata has been identified as one of the most promising 
photoautotrophic producers of eicosapentaenoic acid; also it 
has been used to produce biodiesel, and has many other ap-
plications (Spolaore et al., 2006b; Converti et al., 2009). The 
Guillard F/2 medium has been used for massive production 
of Nannocloropsis sp. in photobioreactors (Briassoulis et al., 
2009); thus it can be hypothesized that the use of agricultural 
fertilizers could provide similar or better results at a lower cost.

The higher productive response obtained in rotifers fed on 
microalgae produced with mT-Aqua, may be attributed to the 
higher protein content found in such microalgae. Yamamoto 
et al. (2009) documented that rotifers require high amounts 
of protein to have an adequate growth performance. In addi-
tion, the quality of macronutrients could have an effect on the 
production of rotifers; however, no measurements were done 
about these parameters.

The rotifer production was quite lower than that obtained 
in technified systems (novel culture; Yoshimura et al., 2003); 
however, the production of rotifers fed on mT-Aqua was 
similar to that observed in traditional systems (Rueda-Jaso, 
1991). Regarding the number of eggs and fecundity index of 
rotifers fed on mT-Agri and mT-Aqua, similar results were 
obtained by Yufera & Navarro (1995) after feeding B. plica-
tilis with microalgae powder (N. oculata). However, rotifers 
from m-control had lower productive responses, which sug-
gests that microalgae cultured in the conventional medium 
were less adequate to produce B. rotundiformis, compared to 
the aquacultural fertilizer. No reports were found concerning 
the nutrient requirement of rotifers for egg reproduction.

The proximate composition of rotifers was also affected 
by the nutritional quality of microalgae. Carbohydrate con-
centrations were within the range reported for Brachionus sp. 
(Guisande & Serrano, 1989). Lipid and protein concentrations 
in rotifers from mT-Agri and m-control were similar to those 
reported for rotifers fed with Chlorella sp. (Rueda-Jaso, 1991; 
Srivastava et al., 2006). However, rotifers from mT-Aqua had 
greater concentrations of protein. The quality of rotifers was 
different according to their food source; it could be inferred 
that rotifers from mT-Aqua could be useful to feed carnivo-
rous species due to the high protein and lower carbohydrate 
concentrations. Rotifers produced in the other treatments may 
be useful for production of omnivorous species; nevertheless, 
further studies about the effect of such rotifers on the produc-
tive responses of fish and/or crustacean are needed.

It can be concluded that the agricultural fertilizer is an ad-
equate alternative to produce N. oculata, while the aquacultural 
fertilizer are useful to produce microalgae destined for rotifer 
production. Also, the productive response and the quality of ro-
tifers as food source depend not only upon the microalgae spe-
cies they consume, but on the nutritional quality of such species.
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