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on the Minerals Accumulation in
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ABSTRACT

Microalgae are capable of absorbing and concentrating constituent elements
that have a wide variety of applications in agriculture, food industry, and medicine.
Microalgae chemical composition change according to internal and external factors.
In this study, the effect of irradiance, sodium nitrate and sodium acetate concentration
on the accumulation of essential minerals in Scenedesmus obliquus biomass were
evaluated using 2° factorial screening designs. The simultaneous effect of the three
experimental factors was studied using three levels for each parameter (irradiance:
36.71, 69.50, 102.30 pE m? s, sodium nitrate: 0.27, 44.00, 87.73 g L' and sodium
acetate: 0.00, 2.50, 5.02 g L"). The response variables were the minerals concentration
of Na, K, Ca, Mg, Fe, Zn and Mn. Results show that each mineral has an optimal
operation condition in order to improve its concentration in the microalgae biomass.
A significant interaction between the variables was observed, which has direct effects
on the minerals accumulation in the microalgae biomass. Under these conditions, the
maximum concentration of K (1515.77 [mg (100g,,)"]), Ca (2744.24 [mg (100g,,)"]), Mg
(9697.65 [mg (100g,,)"]), Fe (2932.42 [mg (100g,,)']), Mn (38.48 [mg (100g,,)"]), Zn
(324.00 [mg (100g,,)']) and the minimum concentration of Na (5607.20 [mg (100g,, )
']) were obtained from the microalga biomass. Thus, Scenedesmus obliquus biomass
was characterized as good essential mineral source and confirmed to be potentially
valuable ingredient for utilization in the food industry.

INTRODUCTION

Microalgae biotechnology has gained relevance in the last two decades
due to the wide range of applications from biomass production for food, feed,
aquaculture, bio-fertilizer, until obtaining valuable products therapeutic or
industrial. Microalgae absorb and concentrate constituent elements such as
proteins, carbohydrates, lipids, pigments vitamins, and minerals, among
others [1]. Microalgae chemical composition change according to the species,
habitat, life cycle stage and environmental. These factors determine their
nutritional value [2].
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Minerals have different functions in the human body,
such as muscle function, nerve stimulation, enzymatic and
hormonal activities, and oxygen transport. For example,
Sodium (Na) and Potassium (K) both are regulating osmotic
pressure. Calcium (Ca) and Magnesium (Mg) are key
functional components of the tissue and skeleton [3]. Iron
(Fe), is an essential mineral that plays an important role in
many metabolic processes such as synthesis of haemoglobin
and myoglobin (oxygen transport proteins); oxidation-
reduction processes [4]. Zinc (Zn) mainly participates in
regulation of growth and differentiation cellular and it is
an important co-factor in many enzymes [5]. Manganese
(Mn) is a trace mineral of fundamental importance to
human health, is an essential component of the antioxidant
enzymes, involved in the formation of connective tissue,
bones and nerve function [6]. Among mineral insufficiencies,
deficiencies in Fe and Zn are reported as highly prevalent
nutritional problems around the world, affecting mainly
developing country. Iron and zinc deficiency may lead to slow
cognitive and skeletal development and immunodeficiency
disorders [7]. Similarly, low calcium intake is associated
with chronic diseases such as osteoporosis, colon cancer,
hypertension and obesity [8]. However, an excess in the
intake of other minerals, such as sodium, may trigger
various body disorders, mainly cardiovascular disease and
stroke. So, a balanced consumption of minerals is important
for the proper functioning of the body. In this sense,
dietary variation and/or supplementation are essential. The
enrichment of food with natural source with high mineral
content, such as microalgae, can be useful in avoiding the
intake of supplementation or pharmaceutical products.

Nowadays, microalgae have numerous commercial
applications in food and animal feed. For example, in food,
microalgae are incorporated in pasta, sweet snack bars and
drinks, as a natural nutritional supplement, enhancing its
nutritional value [9].

Microalgae production is highly sustainable and has
certain advantages over the use of other microorganisms
due to its high productivity, fast growth, CO, absorption
from the atmosphere, growth in extreme environmental
conditions, and do not need agricultural land [10,11].
Microalgae biotechnology allows controlling cultivation
conditions in order to production of many compounds of
biological interest. There are several parameters that affect
the microalgae growth and therefore its nutritional value:
distribution and intensity of light within the bioreactor,
temperature, nutritional composition of the culture media,
among others [2,12]. According to the composition of the
culture media, there are studies that refer the effect of sodium
acetate, as a source of carbon, on the production microalgae
biomass. Cordero, et al. [13], studied the effect of sodium
acetate concentration on Chlorella sorokiniana biomass
production. They observed a 20% increase in biomass
when the sodium acetate concentration varied between 0
to 40 mM, while at higher levels of sodium acetate (50 and

60 mM), not observed changes in the biomass production.
Nitrogen is another nutrient that affects the growth and
composition of microalgae. Microalgae species differ in its
nitrogen requirements and their assimilation kinetics [14].

Light is another factor that affects the microalgae
production. Nutrient assimilation responds to the free
energy gradient between inside and outside of cell. Thus,
limitations in cellular energy can limit the assimilation of
nutrients and consequently cell growth [14]. Changes in
the nutritional composition of the culture medium as well
as culture conditions induce stress in microalgae cultures,
causing modifications in cell physiology and biochemical
composition [15]. Therefore, it is important to determine
both, nutritional composition optimum and culture
conditions optimum for the achievement of high yields of
microalgae with valuable metabolites.

This study was designed to determine the best
combination of the variables sodium nitrate, sodium acetate
and irradiance on the Scenedesmus obliquus culture in order
to maximize and minimize the accumulation of essential
minerals, and thus contribute to its possible application in
formulated food in order to reduce the essential minerals
deficiency in a natural form.

MATERIALS AND METHODS

Microalga inoculum

The Scenedesmus obliquus microalga (IOAC081F) was
isolated from Embalse Salto Grande, a region of North-East
Argentina [16]. The inoculum was cultured in batch mode,
using Allen & Arnon culture medium enriched with 0.850
g L of NaNO,. The culture was maintained in exponential
growth phase at temperature of 25 + 1°C, aerated at 0.20 vv™*
min~, apH = 8.0 £ 0.1, alight intensity of 150 tEm—s?and a
12:12 h light/dark cycle.

Obtaining microalgal biomass: Culture media and
operating conditions

The microalgal biomass obtaining was carrying out in
two stages.

Stage 1: Exponential phase: Assays were performed at
laboratory scale in 36 bubble-column type bioreactors. Each
bioreactor was filled with 250 mL of Allen & Arnon culture
medium (enriched with NaNO,) and 50 mL of microalga
inoculum. The bioreactors were installed in an incubator
chamber 400H (MGC, China) with control of temperature,
photoperiod and Relative Humidity (RH). The operating
conditions were: 25 + 1°C, 65% RH, aeration of 0.20 vv-'min-
and pH of 8.0 + 0.1. The cultures were artificially illuminated
using eight 36 W fluorescent tubes (Osram Lumilux T8).
Mumination was performed using a circadian cycle (12:12
light/dark). These operating conditions were maintained
until reaching the stationary phase.

Mariana JV, et al. (2020), J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jels1114
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Stage 2: Stationary phase: Once the stationary phase
was reached, the culture was operated in a semi-continuous
mode. Under this condition, the sodium nitrate and sodium
acetate concentrations of Allen & Arnon culture medium and
the irradiance were modified according to the experimental
design. In stationary phase, 20% of the volume daily
was harvested and replaced it with fresh culture medium
formulated (Table 1). The cultures were operated in semi-
continuous mode during 21 days. Each 7 days, the biomass
was harvested for minerals analysis.

Experimental design

The central composite design was performed using
Statgraphics Centurion XVI software. The three studied
factors were irradiance (pE m™ s7), sodium nitrate
concentration (g L) and sodium acetate concentration (g
L") which were evaluated at three different levels, using a
23 screening factorial design. The choice of factors levels
was based on information from literature and preliminary
experiments. Thirty-six experiments were carried out in
randomized run order (2 blocks with 15 points of factorial
design and three centre points to establish experimental
errors) (Table 1). The response variables were the minerals
concentration [mg (100g,,)] of Na, K, Ca, Mg, Fe, Zn and
Mn.

Harvesting and storing the microalgal biomass

After 21 days of starting stationary phase, cultures were
stopped and cells harvested by centrifugation at 4000 rpm
for 4 min (Boeco C-28 centrifuge, Germany). Biomass
cakes of samples were washed with bi-distilled water in
order to eliminate non-biological material (mineral salt
precipitates). Then the biomass was lyophilized at -90°C
(Heto Drywiner), 5-7% moisture values. Samples were
stored at -80°C until analyses.

Sample preparation and determination of minerals

Lyophilized samples (~100 mg) were weighed in
triplicate and digested using a Kjeldahl digester. For
digestion, 5 mL of HNO, 70% concentrated (Merck) was
used, the temperature was maintained at 80 °C for 30 min.
After digestion, samples were diluted 5 to 500 times in bi-
distilled water for subsequent quantification by microwave

plasma atomic emission spectrometry (4210 Series MP-AES,
Agilent Technologies, USA).

Minerals were measured using AccuStandard standard
solutions for calibration. The microalgal biomass was
analysed by following methods described by Association of
Official Analytical Chemists [17].

The instrumental parameters used for the multi-mineral
determination were with a radiofrequency generator of 40
MHz, a power of 1.2 kW, plasma gas flow rate of 15 L min,
auxiliary gas flow rate of 0.5 L min~, and nebulizer gas flow
rate of 0.7 L min~. The wavelength (nm) of the minerals
analysed were: Na (589.592), K (766.491), Ca (317.933), Mg
(285.213), Fe (238.204), Zn (213.857), and Mn (259.372).
Mineral composition was expressed as [mg (100g,,)].
Samples were analysed in triplicate.

Statistical analysis

The analysis of Response Surface Methodology (RSM) for
each mineral was performed using the statistical software
Statgraphics Centurion, Version XV (StatPoint Technologies
Inc., Warrenton, VA, USA). The experimental factors and
interactions were studied by analysis of variance. Factors
and interactions were considered significant if p <0.05.
While if p >0.05, they were excluded from the analysis.

In order to maximize Ca, Mg, K, Fe, Mn and Zn
concentrations and to minimize Na concentration, the level
of each factor was optimized by the Desirability Function
Approach (DFA).

RESULTS AND DISCUSSION

Initial mineral concentration in the microalgae
biomass

The initial mineral concentration in Scenedesmus
obliquus cells is presented in table 2, being especially rich
in Ca (2963.92 [mg (100g,,)]), Na (2290.45 [mg (100g,, )
1), K (392.09 [mg (100g,,)*]) and Mg (360 [mg (100g,, )
1]). Among the micro-minerals were found as follows: Fe,
321.00 [mg (100g,,)"]; Mn, 22.13 [mg (100g, )]; and Zn,
6.88 [mg (100g,,)*]. Toxic heavy metal amounts were not
detected. The Allen & Arnon culture medium used had a

Table 1: Experimental design used to analysis the minerals concentration of microalga Scenedesmus obliquus.

Discretized
Levels
Factors
Low
Irradiance -1
sodium nitrate concentration -1
sodium acetate concentration -1

Response variable

Minerals concentration

Experimental
Levels

Units
Low (;z::tr: Upper
36.71 69.50 102.30 MEm?s?
0.27 44.00 87.73 gL?
0.00 2.50 5.02 gL?
Units

[mg (100g,,)"]

Mariana JV, et al. (2020), J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jels1114
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low amount of toxic elements, but the situation could be
different with other culture media or water sources. These
results are in agreement with Tokusoglu and Unal [18], who
reported the mineral concentration of Spirulina platensis,
Chlorella vulgaris and Isochrisis galbana in Conway culture
medium (Table 2). However, the Ca and Mn concentration in
Scenedesmus obliquus were 3 times higher.

Once the stationary phase of the culture had begun, each
bioreactor was operated in a semi-continuous mode, where
20% of the volume daily was harvested and replaced it with
fresh culture medium formulated. Each culture medium was
prepared according to the experimental design (Table 1) in
which the concentration of nitrate and acetate sodium, as
well as the irradiance, were changed. The results obtained
for each mineral are indicated below. For all minerals, the
highest values were achieved after 7 days of starting the
stationary phase.

Effect of experimental factors on the Potassium (K)
concentration

The K concentration varied between 3.35 [mg (100g,,)"
] and 1515.77 [mg (100g,,)] according to the change in the
experimental factors values.

For the K concentration, the effects of sodium nitrate
concentration (factor A) on its linear and quadratic
component were significant. The effects of each factor and
their interaction, as well as statistical significance, can be
seen most clearly in the Pareto diagram (Figure 1).

Factor A, in its linear and quadratic component,
had a significant effect on K levels in the microalgae
biomass, which indicates that the factor A maximize the
response. Therefore, it is clear that the level of K in cells
of Scenedesmus obliquus is directly related to the sodium
nitrate concentration in culture medium used. In conditions
of relatively constant temperature and pH, this factor
would control reactions related to the accumulation of K in
the microalgae cells. The value of the R-squared statistic
supports this statement because the results obtained explain
84.81% of the variability of the K concentration.

Analysis of the Response Surface Methodology (RSM)
shows that the highest K concentration was 1515.77 [mg
(100g,,)'] (4 times higher than in the initial biomass), when
the culture grown at 46.00 g L*of sodium nitrate, 0.00 g L™

of sodium acetate and 36.71 nE m-2s*(Figure 2). Under these
conditions the K concentration in Scenedesmus obliquus is
higher than that previously reported by Hernandez, et al.
[19] for Scenedesmus almeriensis growing in pig manure (810
[mg (100g,,)1).

An adult individual considered healthy requires 2000
mg of K per day, value recommended by the Food and Drug
Administration [20], which could be achieved with a daily
consumption of 132 g of Scenedesmus obliquus, produced
under the indicated conditions. Otherwise, a daily intake of
510 g of Scenedesmus obliquus willbe necessary. In other cases,
a daily intake of approximately 150g of Spirulina platensis or
4000 g of Chlorella vulgaris will meet K requirements [18].

Effect of experimental factors on the Calcium (Ca)
concentration

The Ca concentration varied between 11.48 [mg (100g,, )
] and 2744.24 [mg (100g,, ) '] according to the change in the
experimental factors values.

For the Ca concentration, the effects of sodium
nitrate concentration (factor A) and the sodium nitrate
concentration-irradiance interaction (factor AC) were
significant. The effects of each factor and their interaction,
as well as statistical significance, can be seen most clearly in
the Pareto diagram (Figure 3).

The significance of sodium nitrate concentration
(factor A) and the sodium nitrate concentration-irradiance
interaction (Factor AC) shows that the both factors maximize
the response. Therefore, it is clear that the level of Ca in cells
of Scenedesmus obliquus is directly related to A and C factors
used. In conditions of relatively constant temperature
and pH, this factor would control reactions related to the
accumulation of Ca in the microalgae cells. The value of the
R-squared statistic supports this statement because the
results obtained explain 80.51 % of the variability of the Ca
concentration.

Analysis of the Response Surface Methodology (RSM)
shows that the highest Ca was 2744.24 [mg (100g,,)],),
when the culture grown at 0.27 g L of sodium nitrate,
0.00 g L of sodium acetate and 102.05 pE m=2s (Figure 4).
Under these conditions the Ca concentration in Scenedesmus
obliquus is higher than that previously reported by Tokusoglu
and Unal [18] for Spirulina platensis (883.00 [mg (100g,,)

Table 2: Comparison of mineral concentration between 3 microalgae samples (Tokusoglu and Unal [18]), and initial mineral concentration of Scenedesmus obliquus

biomass grown in Allen & Arnon culture medium enriched with NaNO,.

Microalga
Ca Na
Spirulina platensis 883.00 1897.30
Chlorella vulgaris 593.70 1346.40
Isochrisis galbana 1081.00 1109.20
Scenedesmus obliquus 2963.92 2290.45

Concentration [mg (100g,,)"]

K Mg Fe Mn Zn
1326.90 398.60 90.10 3.80 2.50
49.90 344.30 259.10 2.10 1.20
1193.20 688.60 228.40 5.70 2.70
392.09 360.72 321.00 22.13 6.88

Mariana JV, et al. (2020), J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jels1114
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Standardized Pareto Chart for K
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Figure 1 Pareto diagram for the study of factors sodium nitrate (A), sodium
acetate (B) and irradiance (C) on K concentration in Scenedesmus obliquus
biomass.

Otherwise, a daily intake of 37 g of Scenedesmus obliquus will
be necessary.

In other cases, a daily intake of approximately 113 g of
Spirulina platensis or 168 g of Chlorella vulgaris will meet Ca
requirements [18].
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Figure 2 Response surface obtained from the experimental design in order
to maximize the K concentration in the microalgae Scenedesmus obliquus.
A). K concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 36.71 pE m? s. B). K concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 0.00 g L. C). K concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
46.00g L.
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Figure 3 Pareto diagram for the study of factors sodium nitrate (A), sodium
acetate (B) and irradiance (C) on Ca concentration in Scenedesmus obliquus
biomass.

1]) Chlorella vulgaris (593.70 [mg (100g,,)"]) and Isochrisis
galbana (1081.00 [mg (100g, )]) culturing in Conway
standard medium.

The recommended daily intake for Ca is 1000 mg per day
for adults [20]. Therefore, a daily intake of approximately
36 g of Scenedesmus obliquus, produced under the indicated
conditions, will meet Ca requirements for an adult.
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Figure 4 Response surface obtained from the experimental design in order
to maximize the Ca concentration in the microalgae Scenedesmus obliquus.
A). Ca concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 102.05 yE m? s™. B). Ca concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 0.00 g L. C). Ca concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
0.27glL".
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Effect of experimental factors on the Magnesium
(Mg) concentration

The Mg concentration varied between 23.18 [mg (100g,, )
]and 9697.65 [mg (100g, )] according to the change in the
experimental factors values.

For the Mg concentration, the effects of sodium nitrate
concentration on its quadratic component (factor AA),
sodium nitrate concentration- sodium acetate concentration
interaction (Factor AB), sodium nitrate concentration-
irradiance interaction (Factor AC) and sodium acetate
concentration-irradiance interaction (Factor BC) were
significant. The effects of each factor and their interaction,
as well as statistical significance, are reported in figure 5.

The significance of sodium nitrate concentration
(factor A) with the other factors (B and C) on Mg levels in
the microalgae biomass shows that the A, B and C factors
have a significant influence to the response. Therefore, it is
clear that the level of Mg in cells of Scenedesmus obliquus is
directly related to A, B and C factors used. In conditions of
relatively constant temperature and pH, this factor would
control reactions related to the accumulation of Mg in
the microalgae cells. The value of the R-squared statistic
supports this statement because the results obtained explain
80.67% of the variability of the Mg concentration.

Analysis of the Response Surface Methodology (RSM)
shows that the highest Mg concentration was 9697.65 [mg
(100g,,)'] (25 times higher than in the initial biomass),
observed for the culture grown at 0.27 g L of sodium
nitrate, 0.00 g L of sodium acetate and 95.28 nE m=s™
(Figure 6). Under these conditions the Mg concentration in
Scenedesmus obliquus is higher than that previously reported
by Herndndez, et al. [19] for Scenedesmus almeriensis growing
in pig manure (511 [mg (100g,,)"]).

An adult individual considered healthy requires 420 mg
of Mg per day, value recommended by the Food and Drug
Administration [20], which could be achieved with a daily
consumption of 4.33 g of Scenedesmus obliquus, produced
under the indicated conditions. Otherwise, a daily intake of
116 g of Scenedesmus obliquus will be necessary. In other cases,
a daily intake of approximately 105g of Spirulina platensis or
122 g of Chlorella vulgaris will meet Mg requirements [18].

Effect of experimental factors on the Sodium (Na)
concentration

The Na concentration varied between 5607.20 [mg
(100g,,)'] and 17575.956 [mg (100g,, )] according to the
change in the experimental factors values.

For the Na concentration, the effects of the sodium
nitrate concentration-irradiance interaction (factor AC) and
the irradiance on its quadratic component (factor CC) were
significant. The effects of each factor and their interaction,
as well as statistical significance, are reported in figure 7.

Standardized Pareto Chart for Mg
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cc |
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Figure 5 Pareto diagram for the study of factors sodium nitrate (A), sodium
acetate (B) and irradiance (C) on Mg concentration in Scenedesmus obliquus
biomass.
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Figure 6 Response surface obtained from the experimental design in order
to maximize the Mg concentration in the microalgae Scenedesmus obliquus.
A). Mg concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 95.28 pE m?2 s7. B). Mg concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 0.00 g L. C). Mg concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
0.27gL".

The significance of the sodium nitrate concentration-
irradiance interaction (factor AC) and the irradiance-
irradiance interaction (factor CC) shows that the both
interactions minimize the response. Therefore, it is clear
that the level of Na in cells of Scenedesmus obliquus is directly
related to A and C factors used. In conditions of relatively
constant temperature and pH, this factor would control
reactions related to the accumulation of Na in the microalgae
cells. The value of the R-squared statistic supports this

Mariana JV, et al. (2020), J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jels1114
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Figure 7 Pareto diagram for the study of factors sodium nitrate (A), sodium
acetate (B) and irradiance (C) on Na concentration in Scenedesmus obliquus
biomass.

statement because the results obtained explain 85.68 % of
the variability of the Na concentration.

Analysis of the Response Surface Methodology (RSM)
shows that the minimum concentration of Na (5607.20
[mg (100g,,)"]) was observed for the culture grown at 0.27
g L7 of sodium nitrate, 0.00 g L of sodium acetate and
62.23 nE m~s (Figure 8). Under these conditions the Na
concentration in Scenedesmus obliquus is higher than that
previously reported by Tokusoglu and Unal [18] for Spirulina
platensis (1897.30 [mg (100g,,)]), Chlorella vulgaris (1346.40
[mg (100g,,)']) and Isochrisis galbana (1109.20 [mg (100g,, )
1]) culturing in Conway standard medium.

The recommended daily intake for Na must be less
than 2300 mg per day for adults [20]. Therefore, a daily
intake of less 41 g of Scenedesmus obliquus, produced under
the indicated conditions, will meet Na requirements for
an adult. Sodium, normally found in foods in the form of
Sodium Chloride (NaCl), is an essential mineral for the
correct function of the human body. However, it is known
that the high consumption of this mineral may trigger body
disorders, as such cardiovascular disease and increased
blood pressure [21].

Effect of experimental factors on the micro-
minerals concentration: Fe, Zn and Mn

Among the micro-minerals, Fe was found in the largest
amount, followed by Zn and Mn.

The Fe concentration varied between 18.02 [mg (100g,, )"
]and 2932.42 [mg (100g,, )] according to the change in the
experimental factors values.

Analysis of the Response Surface Methodology (RSM)
shows that the highest Fe concentration was 2932.42 [mg
(100g,,)'] (10 times higher than in the initial biomass),
observed for the culture grown at 0.27 g L of sodium
nitrate, 5.00 g L of sodium acetate and 102.05 pE m=s™
(Figure 9). Under these conditions the Fe concentration in
Scenedesmus obliquus is higher than that previously reported
by Tokusoglu and Unal [18] for Spirulina platensis (90.10

[mg (100g,,)'1), Chlorella vulgaris (259.10 [mg (100g,,)"'])
and Isochrisis galbana (228.40 [mg (100g,)']) culturing in
Conway standard medium.

Iron is an essential mineral nutrient which is present in
many foods, taking as reference the food known worldwide
as a source of iron, such as raw liver (5.60 [mg (100g, )]),
leaves of spinach (19.23 [mg (100g,,)]) and brindle raw
beans (1860 [mg (100g,,)]) [22,23].

Adult males, children and infants requires 10 mg of Fe per
day, while for an adult female the recommended daily intakes
is 15 mg of Fe per day [20]. These values could be achieved
with the consumption of 0.50 g day of Scenedesmus obliquus,
produced under the indicated conditions. Otherwise, a daily
intake of 5 g day of Scenedesmus obliquus will be necessary.
Whereas about 6.6 g day™ of Isochrisis galbana, 5.8 g day* of
Chlorella vulgaris and 16.7 g day* of Spirulina platensis fulfils
Fe requirements [18].

Regarding Zn, the concentration varied between 2.00
[mg (100g,,)"] and 324 [mg (100g,,)'] according to the
change in the experimental factors values.
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Figure 8 Response surface obtained from the experimental design in order
to minimize the Na concentration in the microalgae Scenedesmus obliquus.
A). Na concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 62.23 yE m? s. B). Na concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 0.00 g L. C). Na concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
0.27gL".
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Figure 9 Response surface obtained from the experimental design in order
to maximize the Fe concentration in the microalgae Scenedesmus obliquus.
A). Fe concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 102.05 yE m? s™. B). Fe concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 5.00 g L. C). Fe concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
0.27glL".

Analysis of the Response Surface Methodology (RSM)
shows that the highest Zn concentration was 324 [mg
(100g,,)"] (50 times higher than in the initial biomass),
observed for the culture grown at 0.27 g L™ of sodium
nitrate, 0.00 g L of sodium acetate and 56.44 PE m™s™
(Figure 10). Under these conditions the Zn concentration in
Scenedesmus obliquus is higher than that previously reported
by Tokusoglu and Unal [18] for Spirulina platensis (2.50 [mg
(100g,,)'1), Chlorella vulgaris (1.20 [mg (100g, )']) and
Isochrisis galbana (2.70 [mg (100g,,)"]) culturing in Conway
standard medium.

Biologically, Zn is a functional component of several
metal-enzymes and metal-proteins, participates in many
reactions of cellular metabolism, such as immune function,
antioxidant defence and growth [6].

Zinc is present in much kind of foods, taking as reference
the food known worldwide as a source of zinc, such as
pork meat (1.39-2.80 [mg (100g,,)]), rice (1.53-5.84 [mg
(100g,,)']) and dark chocolate (9.60 [mg (100g,,)*]) [24].

The recommended daily intake for Zn is 11 mg per
day for adults [20]. This value could be achieved with

the consumption of 3.39 g day™ of Scenedesmus obliquus,
produced under the indicated conditions. Otherwise, a
daily intake of 160 g day™ of Scenedesmus obliquus will be
necessary. Whereas about 407 g day™ of Isochrisis galbana,
917 g day™ of Chlorella vulgaris and 440 g day™ of Spirulina
platensis fulfils Zn requirements [18].

Manganese is another essential mineral. The Mn
concentration varied between 0.09 [mg (100g,,)'] and 38.48
[mg (100g,,)"] according to the change in the experimental
factors values.

Analysis of the Response Surface Methodology (RSM)
shows that the highest Mn concentration was 38.48 [mg
(100g,,)"] (1.5 times higher than in the initial biomass),
observed for the culture grown at 46.00 g L of sodium
nitrate, 5.00 g L of sodium acetate and 102.05 pE m=s™
(Figure 11). Under these conditions the Mn concentration in
Scenedesmus obliquus is higher than that previously reported
by Tokusoglu and Unal [18] for Spirulina platensis (3.80 [mg
(100g,,)'1), Chlorella vulgaris (2.10 [mg (100g,,)"]) and
Isochrisis galbana (5.70 [mg (100g,,)]) culturing in Conway
standard medium.
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Figure 10 Response surface obtained from the experimental design in order
to maximize the Zn concentration in the microalgae Scenedesmus obliquus.
A). Zn concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 56.44 pE m? s™. B). Zn concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 0.00 g L. C). Zn concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
0.27gL".
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Figure 11 Response surface obtained from the experimental design in order
to maximize the Mn concentration in the microalgae Scenedesmus obliquus.
A). Mn concentration as a function of sodium nitrate and sodium acetate
concentrations for irradiance of 102.05 pE m? s™. B). Mn concentration as a
function of sodium nitrate concentration and irradiance for a sodium acetate
concentration of 5.00 g L. C). Mn concentration as a function of sodium
acetate concentration and irradiance for a sodium nitrate concentration of
46.00gL".

Biologically, Mn is associated with the connective tissues
and bones formation, carbohydrates and lipids metabolism,
as well as growth and reproduction processes [24]. Rich
sources of manganese include nuts (8.8 [mg (100g, )"]),
leafy green vegetables, such as spinach (0.9 [mg (100g,,)'])
and wheat germ (20 [mg (100g, )']) [25].

The recommended daily intake for Mn is 2.3 mg per
day for adults [20]. This value could be achieved with
the consumption of 5.98 g day* of Scenedesmus obliquus,
produced under the indicated conditions. Otherwise, a
daily intake of 10.40 g day of Scenedesmus obliquus will be
necessary. Whereas about 40.35 g day™ of Isochrisis galbana,
109.52 g day™ of Chlorella vulgaris and 60.52 g day™* of
Spirulina platensis fulfils Mn requirements [18].

Thus, Scenedesmus obliquus biomass produced under
the indicated conditions can be considered as a far more
representative source of the micro-minerals Fe, Zn and Mn.

CONCLUSIONS

The present work provided information regarding the
influence of the nitrate and acetate sodium concentrations

and the irradiance in order to improve the minerals content
in Scenedesmus obliquus biomass.

The model and the three-level-factorial a design give
a reliable picture of the situation, and lets us know clear
results for the decision making.

The microalgal biomass of Scenedesmus obliquus studied
was characterized as a good source of essential minerals
and confirmed to be a potentially valuable ingredient for the
development of nutritional supplementation.
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