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Abstract. Demand for food consumption is increase rapidly in the coming
decades. Microalgae could substitute conventional crop products for food appli-
cation. Single cell protein from microalgae gain more attention due to low-cost
but swift production. During microalgae cultivation, some parameters must be
considered, e.g. light intencity, temperature, oxygen dan carbon dioxide, acid-
ity, salinity, and nutrients. Several cultivation media are commonly used in the
microalgae cultivation process. There are many uses of microalgae in the food
sector, not limited only to feed. So that the use of fertilizer media used during
microalgae cultivation must also be considered so that it is not harmful to humans.
One of them is using AB Mix hydroponic fertilizer. The purpose of this cultiva-
tion is to provide raw materials for microalgae which can then be used for further
research. In the microalgae cultivation process, color changes indicate that the
density of microalgae cells has increased. If the cell density is high, the resulting
color will be more visible. In Chlorella vulgaris, the growth increased rapidly
on the 10th day compared to Bold’s Basal Medium. In Spirulina sp. Microalgae,
growth increased rapidly on 3rd day compared to Bold’s Basal Medium. Mean-
while, the microalgae Dunaliella salina showed a gradual increase in growth on
oth day compared to Bold’s Basal Medium.

Keywords: marine microalgae - cultivation - AB mixed - Chlorela vulgaris -
Dunaliela salina - Spirullina

1 Introduction

Microalgae are photosynthetic microorganisms that are abundant in Indonesian waters,
so they can be said to be a type of potential biodiversity. The cell wall structure of
microalgae is very simple and these cells are both prokaryotic and eukaryotic. Microalgae
has millions of species, many of which have yet to be identified and cultivated. To survive
in water, it needs light, carbon dioxide, H>O, and the major nutrients in the form of
nitrogen and phosphorus. Through photosynthesis, microalgae convert these compounds
into energy for growth and reproduction. The main components of microalgae cells
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are lipids, proteins, and carbohydrates. The accessory component of microalgae cells
includes phycobilin pigments, chlorophyll, and carotenoids.

Microalgae are found in fresh water and seawater and carry out photosynthesis for
their food because they are autotrophs. Microalgae are types of cells that separate alone
or in groups. Depending on the type, the size can range from a few micrometers (j.m) to
several hundred micrometers. Unlike other plants, microalgae are without roots, stems,
and leaves. Microalgae can do photosynthesis, produce oxygen, and take in environ-
mental carbon dioxide, to reduce the greenhouse effect and minimize the appearance of
global warming [1].

The algal species that are generally used in food, health foods, food supplements,
and nutraceutical elds are Spirulina platensis, Chlorella vulgaris, Daniella salina, Aph-
anizomenon Zilches- aquae, Schizochytrium, and Haematococcus pluvialis [2] but Spir-
ulina and Chlorella are most prominent due to available expansive exploration, and wide
range of composites, especially proteins, that are applied in the food and drug diligence
as healthier food products [2]. Spirulina is the most well- known and applied due to its
macro- andmicro-nutrients including complete and digestible proteins with all essential
amino acids and unnecessary amino acids, adipose acids, vitamins and minerals [3].
Chlorella is also a potent asset in mortal health and nutrition due to nutritive contents
where it can lower oxidative stress, boosts the vulnerable system, and health- promoting
factor by controlling other kinds of diseases similar as injuries, constipation, and anemia,
among others [4].

For case, the nutritive values of algal coffers are advanced compared to a sh mess
because they contain digestible complete proteins, lipids, and carbohydrates, as well as
micronutrients [5]. The algal deduced foods, especially Spirulina, have been traditionally
considered and employed as a potent source of proteins for numerous times in some
countries, including Japan, Chile, and North America [6]. Lately, scientic studies show
that algal coffers are an acceptable and sustainable source of bioactive motes, especially
for enhancing the nutritive and functional quality of foods [7].

This research highlights some global challenges hindering the achievement of sus-
tainable development and describes algal coffers inputs in the resolution of these pressing
global challenges and achieving sustainable development. Natural coffers are continuing
to be depleted while the global population continues to increase [8]. This imbalance is the
reason why experimenters are interested in the exploitation and operation of renewable
natural coffers for unborn betterment.

Nutrient-rich foods (with all essential nutrients), also nominated as rainbow food
or complete food, help help and control colorful conditions due to their physiological
conditioning. Taking daily complete food can ameliorate the tone- protection and tone-
mending capacity of the body, therefore leading to a healthy body [9]. Pertaining to the
available scienti c literature, and some algal deduced products available on the global
requests with prominent health creation; algal coffers are one of the implicit natural
sources of food with essential nutrients [10], that can contribute to the achievement
of the vacuity of nutrient-rich foods with health bene ts, and zero hunger thing. Algal
coffers are considered one of the promising and sustainable coffers to be exploited in
colorful artificial elds [11], due to their enormous biochemical composition including
essential nutrients, functional constituents of food and medicinals [10]. Algal coffers
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parade several advantages that makes them part of the presumptive inputs to achieve
sustainable development [12].

Because of the mentioned advantages and implicit, algal coffers have bedazzled the
attention of numerous experimenters for their unstintingly exploitation and application
in resolving some life challenges. The integration of algal- deduced functional foods
and nutraceuticals in food security and nutrition would be considered as one volition
intervention to promote mortal health and quality of life.

In process of multiplying the culture, the cultivation process is carried out by taking
into account several factors such as light intensity, temperature, temperature, oxygen, car-
bon dioxide, pH, salinity, stirring, and nutrients. Sometimes a small amount of biomass
produces the desired product in large quantities, for that, it is necessary to optimize a
balanced composition between the amount of biomass and the number of products in
the microalgae biomass, one of which is paying attention to the nutrients given to the
microalgae. Nutrients are key factors in the production of algal biomass. Most microal-
gae require macronutrients such as carbon, (C), nitrogen (N), hydrogen (H), sulfur (S),
potassium (K), magnesium (Mg), and phosphorus (P). Metabolism. The presence of
micronutrients cannot be replaced by other substances.

Currently, several cultivation media are commonly used in the microalgae cultivation
process. There are many uses of microalgae in the food sector, not limited only to feed. So
that the use of fertilizer media used during microalgae cultivation must also be consider
so that it is not harmful to humans. One of them is using AB Mix hydroponic fertilizer.

AB Mix hydroponic fertilizer is often used in hydroponic cultivation that’s is divided
into two liquids, namely liquid A and liquid A. Liquid A contains macronutrient elements
such as N (nitrogen), P (phosphorus), K (potassium), Mg (magnesium), etc. Liquid B
contains micro-nutrients such as Fe (iron), Cu (copper), and others.

2 Material and Methods

2.1 Materials

This research was carried out at the Bioprocess Engineering Laboratory and the Food
and Agricultural Product Processing Technology Laboratory, Faculty of Agricultural
Technology, Universitas Brawijaya. This research was conducted in August-September
2022. The purpose of this cultivation is to provide raw materials for microalgae which
can then be used for further research.

The tools and materials used in this study were 24 1 L glass jars (with a working
volume of 700 ml) as a bioreactor, a 4 mm diameter hose as a connector, a diffuser and
a pump to provide aeration as well as a carbon source for microalgae, and LED lights
as a source. Light. Furthermore, there are 3 species used, namely Chlorela vulgaris,
Spirullina sp. And Dunaliela salina, the three species have brackish water habitats which
were obtained from BPBAP Situbondo. The first fertilizer used is BBM (Bold Basal
Medium) which will be used as a control in the study, the second is Mix A and Mix B
hydroponic fertilizers as materials to be tested to determine the effect of using hydroponic
fertilizer media on the growth rate of microalgae.

This study used 50 ml of Chlorella Vulgaris, Spirulina sp., and Dunaliella salina
cultures, respectively. The variables used were AB mix hydroponic fertilizer media with
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the composition of mix A and mix B solutions of 3 ml each. While the control variable
used is Bold’s Basal Media (BBM).

2.2 Cultivation Process

Cultivation of microalgae uses an aerator with 8 W LED lighting (light intensity 1000—
4000 lux). Cultivation was carried out for 10 days. The bioreactor with a capacity of 1 L
with a working volume of 700 ml is designed using a jar in which two glass jar lids are
perforated. The first hole is as input for culture and media and the second hole is for air
exchange. The diffuser is placed at the bottom of the reactor which is connected to the
pump using a hose and LED lights are installed around the reactor. The design of the
reactor can be seen in Fig. 1. While the manufacture of hydroponic fertilizer AB Mix in
the form of powder mixed with 1 L of distilled water per solution.

2.3 Grow Rate

Observation of the growth rate was carried out at an interval of 24 h for 10 days. Microal-
gae samples were taken as much as 1 ml and then the number of cells was calculated
using a haemacytometer. The formula for calculating the number of cells using a haema-
cytometer can be seen in Eq. (1). Then the results of the calculation of the number of
cells analyzed the growth rate of microalgae.

txd 4
C =—xI10
n

(D

where C is concentration cell (cells/ml); t is total cell in haemacytometer; and d is diluton
factor.

3 Results and Discussion

3.1 Cultivation

In the microalgae cultivation process, color changes indicate that the density of microal-
gae cells has increased. If the cell count is high, the resulting color will be more visible.
On the first day of Chlorella vulgaris cultivation, the color of the medium was light
green, on the 5" and 10" days the green was darker. In Spirulina sp. the first day still not
showing color, on the 5 and 10" day the color changes from the culture have started
to appear in Dunaliela salina the color is not very visible from day 1 to day 10 because
of the low cell density this arises due to lack of CO, and light intensity. According to
Muchamad et al. [13] there are factors that influence the growth of microalgae, CO, and
light intensity (Fig. 2).

According to Gildantia et al. [14] the green color in microalgae cultivation is pro-
duced from chloroplasts containing chlorophyll pigments. In addition, the color change
also indicates the utilization of nutrients contained in the AB Mix hydroponic fertilizer
media.
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Fig. 2. Color Changes in Cultivation Process: (a) Chlorella vulgaris day 1,5,10, (b) Spirulina sp.
Day 1,5,10, (c) Dunaliela salina day 1,5,10

3.2 Grow Rate

The growth rate of microalgae was observed by counting the number of cells every 24
h for 10 days. Calculation of the number of cells using a haemacytometer which is then
calculated in the formula. In general, the growth of microalgae occurs in three different
conditions that are phototrophic, heterotrophic and mixed conditions. In phototropic
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conditions, microalgae are highly dependent on sunlight as an energy source and CO»
is a carbon source. This condition is known as autotrophic photosynthesis (autotrophs).
Under heterotrophic conditions Microalgae growth requires organic carbon as an energy
source. Some commonly used organic carbon sources: glucose, acetate and glycerol.
Based on previous research, it was shown that the biomass production and lipid con-
tent of microalgae that were growing with larger heterotrophic conditions grew under
phototropic conditions [15, 16]. The microalgae cell density achieved is superior to the
phototropic conditions, so the cost of harvesting is lower. Some types of microalgae
are also able to grow in mixed conditions, which are a combination of phototropic and
heterotrophic conditions. This type of microalgae can assimilate sunlight and organic
carbon as a source of energy either physically simultaneously or alternately.

The number of cells in Chlorela vulgaris culture with hydroponic fertilizer media
on the 1st day was 3.63x10° cells/ml then increased until the maximum cell number on
the 9™ day was 2.58x10 cells/ml. After that, it decreased until the 10" day as much as
2.56x107 cells/ml. While the number of cells in Chlorela vulgaris culture using BBM
on the 1% day was 1.62x10° cells/ml and get maximum cell number of 7.4x10° on the
9™ day until it decreased on the 10™ day as much as 1.16x107 cells/ml. The number
of cells in Spirulina sp. culture with hydroponic fertilizer media on the 1% day was
4.74x10* cells/ml then it was higher until the maximum number of cells on the 3rd day
was 3.8x10° cells/ml. After that, it decreased until the 10th day as much as 6.8x10°
cells/ml. While the number of cells in Chlorela vulgaris culture using BBM on the 1%
day was 4.12x10° cells/ml and get maximum cell number of 1.98x10° on the 2™ day
until it decreased on the 10 day as much as 7.3x10° cell/ml. While the number of cells
in Dunaliela salina culture with hydroponic fertilizer media on the 1st day was 4.6x10°
cells/ml then increased until the maximum cell number on the 6th day was 4.26x10°
cell/ml. After that, it decreased until the 10t day as much as 1.2x10° cells/ml. While
the number of cells in Chlorela vulgaris culture using BBM on the 1% day was 4.2x10°
cells/ml and get maximum cell number of 2.04x10° on the 6™ day until the results of the
cell number fluctuated until the 10 day of 1,26x10° cells/ml. The graph of the observed
growth rate of microalgae can be seen in Fig. 3.

Microalgae cultivation affected by many important factors. This should be considered
because different microalgae require different growing conditions. Microalgae come in
various types (strains) specifically to distinguish them from other microalgae. Several
types of microalgae can exist under certain conditions. The right conditions are essential
for microalgae growth, especially when dealing with other dangerous creatures. Appro-
priate microalgae culture techniques continue to be carried out, especially to overcome
the problem of developing microalgae cell pollution.

One of the important factors needed by microalgae for their growth is CO;. During
metabolism, CO; is needed so that microalgae can be converted into biomass. Sources
of CO, generally come from industrially produced gases that result from combustion to
produce energy.
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Microalgae growth also affected by physiological properties. This physiological
mechanism occurs to affect the absorption of nutrients in cultivation. When microalgae
physiology is very good, these conditions can stimulate the production of biomass con-
taining good oils and starches. However, some physiological reactions do not support the
presence of microalgae living in ponds. Things can happen because high concentrations
of O; accumulate in the microalgae growth block group [17]. Light saturation is also a
problem with microalgae physiology. On top of the microalgae growing on the surface
of the pond will get much more sunlight than is needed for the photosynthesis process.
Therefore, recent research is accomplished with physiological and genetic alterations to
reduce the absorption of light pigments on micromatch [18].

3.3 Effect of Hydroponic Fertilizer Use on Microalgae Growth

Based on Fig. 3, it can be seen that there was a fluctuation in the growth of microalgae
at a dose of 1:1 compared to using Bold Bassal Medium. In the Chlorella vulgaris
microorganism, it was found that growth increased rapidly on the 10" day compared to
BBM. In the microalgae Spirulina sp. It was found that growth increased rapidly on 3™
day compared to BBM. In the microalgae Dunaliella salina, growth increased gradually
on 6™ day compared to BBM. In the microalgae cultivation process, the nutrients needed
continuously are N (Nitrogen), P (Phosphate), and K (Potassium) elements [19]. These
elements are owned by both BBM and AB Mix Fertilizer, but there are differences in
the amount of content and elements as shown in Table 1.

Elements found only in BBM are NaNOs, NaCl, K,HPO4, CaCl,.2H,0,
MnCl;.4H,0, Mo0Oj3, Co(NO3),.6H,0, KOH, FeSO,4.7H,0, and H>,SO4(conc). The
only elements found in Hydroponic Fertilizer are Ca(NOs3)2, KNO3, (NH4)2SOy4,
K5S04, ZnSO4, MnSO4, (NH4)2MO7054. There are several compounds that contain
the main elements, namely nitrogen (N), phosphate (P), and potassium (K) as well as
supporting elements such as iron (Fe), zinc (Zn), manganese (Mn), and calcium (Ca).
The dose of these elements is very influential on the growth of microalgae. In BBM,
the main element given to microalgae is 0.3717 g with the main content in nitrogen
(N) while in Hydroponic Fertilizer, the element given is 6.8553 g with nitrogen (N)
and potassium (K) content. The addition of the dose to the main element increases the
growth rate and also increases the doubling time which is in line with the research of
Mashadani and Khudhair, 2017 [20]. In Afifah’s research [21], the addition of nutrients,
especially the main elements, is very important, but too little or too much will inhibit the
growth of microalgae. Too few nutrients make the needs of microalgae elements not met
so that they quickly enter the dead phase. If there are too many nutrients, it will become
contamination. Excess nutrients will have an impact on high levels of ammonia. High
levels of ammonia will be toxic.
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4 Conclusion

Color changes in the microalgae cultivation process indicate that the density of microal-
gae cells has increased. If the cell density is high, the resulting color will be more visible.
In the Chlorella vulgaris microorganism, it was found that growth increased rapidly on
the 10" day compared to BBM. In the microalgae Spirulina sp. It was found that growth
increased rapidly on 3™ day compared to BBM. In the microalgae Dunaliella salina,
growth increased gradually on day 6 compared to BBM. Too few nutrients make the
needs of microalgae elements not met so that they quickly enter the dead phase. If there
are too many nutrients, it will become contamination. Excess nutrients will have an
impact on high levels of ammonia. High levels of ammonia will be toxic.
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