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Abstract. The Chaetoceros is a genus of microalgae that belongs to the diatom
group with the class of Bacillariophyceae. These microalgae are often found in
Indonesia marine waters. Chaetoceros calcitrans is a species of microalgae that
is widely used as natural feed in the fisheries sector because it has a high
nutritional content. The cultivation process of C. calcitrans is influenced by
physical and chemical factors. The aim of this research was to determine the
nutritional content of C. calcitrans in culture media with different fertilizers. The
Treatment fertilizers were (P1) = Urea (0.1 g/L); Silica Fertilizer (0.015 g/L),
(P2) = NPK (0.1 g/L); Silica Fertilizer (0.015 g/L), (P3) = NPK (0.1 g/L); Urea
(0.1 g/L); Silica Fertilizer (0.015 g/L), Control (P0) = Diatom Fertilizer (1 ml/L),
Thiamine (1 ml/L), Silica (1 ml/L) and Vitamins (1 ml/L). Proximate analysis
was used as a method to determine the nutritional content. The results of the study
showed that the carbohydrate content of C. calcitrans was PO 67.48%, P1
66.80%, P2 55.37%, and P3 56.28%. The highest moisture content was found in
P2 treatment 14. 67 %, the highest ash content in P3 was 0.6%. Meanwhile, the
fat content for PO had the lowest value 2.13%, and the highest fat content in P2
was 8.07%. The protein content in all treatments had almost the same value, it
was around 21%. The study demonstrates that fertilizer type significantly alters
the biochemical composition of C. calcitrans, with agricultural fertilizers
promoting lipid accumulation, while the protein content remained consistently
high across all treatments.
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1 Introduction

Chaetoceros is a group of diatoms that contain silica and lipid in its cell walls. The lipid
components made this group could be potentially produce bioethanol. This type of mi-
croalgae was first identified in 1844 by German scientist Ehrenberg, who said that this
species was mostly found in seawater habitats. Chaetoceros species are also a type of
microalgae that are often found in the sea and on the coast [1]. This species has been
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studied and cultivated in the 1990s in Japan, and yet, still explored in the field of fish-
eries cultivation. The genus Chaetoceros are a type of microalgae that is most widely
used as natural feed in fisheries cultivation compared to other types of microalgae spe-
cies. Natural feed that is commonly used because it has a high protein content and easy
to digest, one of which is Chaetoceros sp. Many previous studies have studied Chae-
toceros species under various treatments in terms of their growth rate and biological
compound content. The quality of Chaetoceros calcitrans culture at different KNO3
concentrations, the growth of Chaetoceros sp. [2], and the growth rate of Chaetoceros
sp. with different light colors [3].

Chaetoceros are often found in Indonesian coastal waters, so it can be used as a
bioindicator in the waters. In addition, this species is easy to cultivate in the laboratory
or in the cultivation center. Some environmental factors that affect the growth of Chae-
toceros are light, temperature, salinity, and nutrients. Light is a limiting factor in the
growth of Chaetoceros, while nutrients affect the nutritional needs for photosynthesis
and the nutritional content produced by Chaetoceros itself. Hence, the addition of nu-
trients in the form of fertilizer during development is very important to pay attention
to. Nitrogen, phosphor and potassium as well as silica are the nutrients required by
Chaetoceros in the process of photosynthesis and growth. This aim of study was to
determine the density level and nutrient content of the C. calcitrans species with dif-
ferent fertilizer treatments.

2 Methods

2.1 Location

Microalga stock was obtained from Balai Besar Perikanan Budidaya Air Payau
(BBPBAP) Situbondo, Indonesia, and cultivated in the cultivation room of the Biology
Lab of the University of Trunojoyo Madura, Indonesia.

2.2 Procedure

Microalgae cultivation. This research was experimental research by providing three
fertilizer variation treatments and one control. The description of the entire experiment
in the study was as follows: The Treatment (P1) = Urea (0.1 g/L); Silica Fertilizer
(0.015 g/L), (P2) = NPK (0.1 g/L); Silica Fertilizer (0.015 g/L), (P3) = NPK (0.1 g/L);
Urea (0.1 g/L); Silica Fertilizer (0.015 g/L), Control (P0) = Diatom Fertilizer (1 ml/L),
Thiamine (1 ml/L), Silica (1 ml/L) and Vitamins (1 ml/L). The replication of each treat-
ment was three times. Microalgae were cultured under controlled laboratory conditions,
with aerator for 24 hours. The initial density of each treatment was PO = 83 x 104
cell/ml, P1 = 61 x 104 cell/ml, P2 = 60 x 104 cell/ml and P3 = 72 x 104 cell/ml. The
water temperature of the culture media was in the range of 21-35 °C which corresponds
to the optimum temperature and did not exceed the tolerance limit for the development
of microalgae which is in the range of 25-31 °C and optimal for the microalgae C. cal-
citrans at a temperature range of 29-35 °C [4]. The pH and salinity conditions during
the cultivation period were also in the optimal range for the growth of C. calcitrans, at
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pH 7-9 and salinity 29-35 ppt. The harvesting of microalgae used a centrifuge to sepa-
rate the biomass from the water medium, then the biomass was ready to be used for
further analysis.

Proximate analysis. The proximate analysis consisted of moisture, ash, fat, and protein
were carried out according to the procedures of the Association of Official Analytical
Chemists (AOAC) [5]. The content of carbohydrate was calculated by subtracting the
weights of moisture, ash, fat and protein.

2.3  Data Analysis

The data obtained were first tested using the Shapiro-Wilk test to determine the normal
distribution. Moreover, One-way analysis of variance (ANOVA) was performed to de-
termine significant differences in fertilizer treatment on the growth of Chaetoceros cal-
citrans microalgae. The one-way ANOVA test was performed using SPSS software
with a 95% confidence level.

3 Result and Discussion

3.1  Cell Density of Chaetoceros calcitrans

Cell density of Chaetoceros calcitrans is a key indicator used to evaluate the success
of microalgae cultivation throughout the rearing period. Changes in cell density over
time reflect the growth dynamics influenced by culture conditions, nutrient availability,
and the treatments applied to each cultivation stage. Therefore, daily monitoring of cell
density is essential to ensure that the culture remains within its optimal growth phase.
Fig. 1 presents the average cell density of C. calcitrans for each treatment group (PO,
P1, P2, and P3) during the cultivation period.
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Fig. 1. Cell density of Chaetoceros calcitrans
The provision of various fertilizers to the growth of C.calcitrans resulted in the mi-

croalgae growth phase reaching the 10th day with a cell density that can be seen in Fig.
1. In the graph, it can be seen that the microalgae culture started at a relatively similar
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density with different adaptation phases for each treatment. The shortest adaptation
phase was seen in the PO and P2 treatments, which showed an increase in cell density
on the 2nd day. The adaptation phase of cells adapts to a new environment and the
speed of the adaptation phase varies depending on the ability of the cells to utilize the
nutrient content in the culture medium [6]. The first phase shows relatively stable cell
density for all treatments (PO, P1, P2 and P3), this phase was the microalgae adjustment
to the culture media and nutrients provided. Significant cell division has not occurred
in this phase because the microalgae are in the adaptation stage to the cultivation me-
dium [4]. The next phase, the exponential phase, can be seen in Figure 1 where P1
reaches the highest density on the 7th day, this is in accordance with the opinion of [7]
that the average cell growth increases gradually between days 5 to 10 during culturing
[7]. This was different from other treatments such as P2 which experienced a peak den-
sity on the 5th day of 109.8 x 10* cells/ml then the density was constant until the 10th
day, then P3 experienced the highest peak density on the 10th day of 27.5 x 10* cells/ml.

Fig. 1 shows that PO produces the highest density. However, it takes a long time to
reach peak density. This can be caused by cultural conditions or the nutrients provided.
P1 showed the peak density phase on the 7th day which then experiences a decreasing
phase starting from the 9th day, while P2 showed quite good growth with peak density
on the 5th day and experienced a stationary phase between the 6th and 10th days. P3
experienced lower growth than other treatments, this could be caused by environmental
factors in the media that were less supportive or fertilizers that were not easily absorbed
by C. calcitrans itself. The death phase or density decline of all treatments started on
average on day 10 except for PO which was different.

The results of data analysis showed that the addition of different fertilizers showed
a significant difference (P <0.01) in microalgae density with correlation results showing
a negative correlation (r=-0.453, P<0.01). Based on these results, it can be said that the
provision of fertilizer can support or not the growth of microalgae. The results of the
analysis were strengthened by the Tukey HSD test with the highest average density
value in the PO treatment (control) with a density value of 87.15 x 10* cells/ml followed
by P2 and P1 with an average density of 58.37 x 10* cells/ml and 31.31 x 10* cells/ml
and the lowest density value of 21.41 x 10* cells/ml. This can happen because excessive
nutrient content can cause stress in microalgae which will affect the decrease in density
and even biomass [8] and according to recent study that the nitrate and phosphate con
tent in the culture was very much needed for the growth of microalgae [9]. However,
the amount must be adjusted to the scale of the culture because excessive amounts of
nutrients can cause toxicity in the media due to the accumulation of nutrients that are
not optimally utilized. The results of the linear regression test also showed (R? = 0.205)
which showed that 20.5% of microalgae density was influenced by the provision of
fertilizer as a source of nutrients and 79.5% was influenced by other factors.

3.2 Nutrients Content

The nutrient composition of microalgae is an essential factor determining its potential
use in aquaculture and other biotechnological applications. The detailed nutrient con-
tent of Chaetoceros calcitrans is presented in Table 1.
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Table 1. Nutrients content of Chaetoceros calcitrans

Nutrient content of Chaetoceros calcitrans

Nutrient content PO P1 P2 P3
Moisture (%) 7.976+0.28 7.731£0.95 14.661+0.25 13.77£1.32
Fat (%) 2.126+1.55 3.556+0.97 8.068+6.81 7.494+3.33
Ash (%) 0.563+0.96 0.051+0.06 0.076+0.07 0.607+0.89
Protein (%) 21.849+0.01 21.858+0.01 21.827+0.03 21.851+0.01

Carbohydrate (%) 67.486+£2.27  66.803+0.37  55.368+7.05  56.277+4.61

The results of the analysis of the nutritional content of C. calcitrans showed varying
values in moisture, fat, ash, protein, and carbohydrate content between different ferti-
lizer treatments. Treatments PO and P1 cultured using fertilizers with lower macronu-
trient and micronutrient concentrations showed relatively low moisture content, at
7.731% - 7.967% and low-fat content with results of 2.126% - 3.556%. On the other
hand, treatments P2 and P3 with higher concentrations of macronutrient and micronu-
trient fertilizers produced high moisture and fat content. The highest moisture content
and highest fat content were in the P2 treatment with results of a water content of
14.661% and a fat content of 8.068%. The ash content was relatively stable in all treat-
ments, but the highest ash content was in the P3 treatment with a yield of 0.607%. The
highest protein content was in treatment P1 with a yield of 21.858% and the lowest
yield was in treatment P2 with a yield of 21.827%. The lowest carbohydrate content
was in treatment P2 with a yield of 55.368% and the highest yield was in treatment PO
with a yield of 67.486%.

The increase in moisture and fat content in treatments P2 and P3 can be associated
with increased nutrient availability which can stimulate lipid accumulation in C. calci-
trans cells. Optimizing culture media by increasing nutrient content such as nitrogen
and silicate can increase lipid [10] and protein content. Stated that increasing nutrition
can increase the macronutrient content which plays an important role in fisheries agri-
culture [11]. The low carbohydrate content in treatments P2 and P3 may be caused by
a shift in microalgae cell metabolism that prioritizes the production of lipids and pro-
teins as energy reserves. A decrease in carbohydrate levels can also be caused by too
much nitrogen and silicate content in the culture medium. Diatom microalgae such as
C. calcitrans have high nutritional value which can be influenced by the nutrient ratio
in the culture medium, thus impacting the nutritional content of the microalgae [11].
The other research carried out cultivation using agricultural media fertilizer, Guillard,
and Walne obtained protein yields of 41.92%, 36.61%, and 26.04% [12]. The results of
other studies using walne fertilizer are not much different from this study. While the
results using agricultural media fertilizers such as N and P, FeCls; content obtained
much higher results than this study due to the higher nitrogen content, where nitrogen
is an important element in the formation of protein.

The results of the ANOVA test of the five nutritional parameters tested, two param-
eters of moisture content and carbohydrate content showed significant differences, with
a sig value <0.05. The sig value obtained by moisture content was (P <0.001) and car-
bohydrate content obtained a value (P <0.014), while ash, fat and protein content did
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not show a significant effect. This indicated that the composition of fertilizer used dur-
ing cultivation had a greater influence on water content and energy storage metabolites
(carbohydrates) compared to other nutritional components. It is also stated that the
moisture content in microalgae can be influenced by the protein content and other hy-
drophilic components so that the fertilizer formulation can significantly influence the
water content in microalgae [13].

4 Conclusion

The study demonstrates that fertilizer type significantly alters the biochemical compo-
sition of C. calcitrans, with agricultural fertilizers promoting lipid accumulation, while
the protein content remained consistently high across all treatments. In the other hand,
Carbohydrate content in C. calcitrans was the major content in proximate analysis,
while fat content was the lowest value in PO and P1.
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