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Abstract

The purpose of this research is toidentify the optimum concentration of fermented rabbit urine as the alternative for the Pro
Analysis fertilizer to increase the growth of S. fusiformis population. Four treatments of rabbit urine concentration used
were 4ml/L (treatment A), 6 ml/L (treatment B), 8 ml/L (treatment C) and Zarrouk medium (treatment D, as the control).
The design of this research used complete randomized design (CRD) with four treatments and three replications. The
highest density average of S. fusiformis cell at its peak of growth is treatment D (190.723 x 10° cell/ml), followed by
treatment B (172.120 x 106 cell/ml), treatment A (151.637 x 10° cell/ml), and treatment C (140.800 x 10° cell/ml).
Treatment B (6 ml/L) was not significantly different with treatment D (control) based on the Duncan test (p > 0.05). The
treatment B (6 ml/L) cell density average at the peak of population are 94,27 % from treatment D (control/Pro Analysis
fertilizer). The growth phases (lag phase, exponential phase, stationary phase, and declination phase) of each treatments
happened equally and at the same time interval. Rabbit urine serves as an alternative for the Pro Analysis fertilizer for
cultivating S. fusiformis needed by herbivorous fish larvae.
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1. Introduction

S. fusiformis is a type of microalgae that is used as a natural food source for fish and crustaceans larvae
hatchery with its high and complete nutritional content (55.22% protein, 21.32% carbohydrate, 8.67% fat,
9.57% ash, 4.68% phycocyanin and 0.43% chlorophyll, it also contains 17 amino acids, 9 of which are
essential amino acids [1].

The commonly chosen type of fertilizer in S.fusiformis culture is the standardized PA (Pro Analysis)
fertilizers such as Walne, Guillard, and Zarrouk. The expensive price of PA fertilizers leads to the search for
alternative fertilizers that could produce high amount of nutrition and cell density, with a lower price and
easy to obtain [2].

Biourine is a type of urine that is taken from livestock, especially ruminants, and is fermented first before
use. Biourine is obtained from anaerobic fermentation of urine with additional nutrition using nitrogen-fixing
microbes and other decomposers. Because of this, the nitrogen in the biourine will be higher than the average
urine [3].

Rabbit urine contains higher nitrogen and phosphor compared to other livestock. Rabbits urine contains a
higher value of N and P which are 2.72% and 1.1%, respectively, compared to other livestock such as cows
(N (0.5%), P (0.2%)) and sheep (N (1.5%), P (0.33%) [4].

Nitrogen and phosphor are chemicals needed by the phytoplankton in a large amount to live and for the
growth of S. fusiformis. The fulfillment of nutrients for S. fusiformis depends greatly on its availability in the
culture media. The complete nutrient composition and the precise nutrient concentration will determine the
production of biomass and the nutrition content of microalgae [2]. Nitrogen is the most important element for
S. fusiformis cell growth in the cell metabolism activity such as catabolism or assimilation, especially protein
biosynthesis and also an important component in the chemical make up of amino acid, amide, nucleotide, and
nucleoprotein, it is also plays a pivotal role in cell division [5]. Therefore, when there is an optimum nitrogen
concentration in the culture media, the cell metabolism activity will also go well, including chlorophyll
synthesis, because high-chlorophyll will led to well photosynthesis process and the growth of S. fusiformis
will be optimum.

Based on previous statements, rabbit urine has a good potential as an alternative for Pro Analysis
fertilizer because of its lower price could optimize S. fusiformis production better and as an alternative for
handling livestock waste that if not utilized could pollute the environment. The purpose of this research is to
identify the optimum concentration of fermented rabbit urine that is used as fertilizer in the culture media to
increase the growth of S. fusiformis.

2. Research method
2.1. Time and place

This research is conducted on April 15, 2018 — June 11, 2018 in the Invertebrate Laboratory of Faculty of
Fisheries and Marine Science, Universitas Padjadjaran. The inoculum of S. fusiformis was obtained from the
Natural Feed Laboratory of Faculty of Fisheries and Marine Science, Universitas Padjadjaran while the
rabbit urine was obtained from a rabbit farm in Banjarnegara.

2.2. Instruments and materials

The instruments that was used include jars, aerators, measuring cups, scales, pipettes, hand counter,
microscope, haemocytometer, pH meter, DO meter and TL Lamps. As for the materials, it includes S.
fusiformis inoculum, fermented rabbit urine, zarrouk medium, and also FeCl;, NaHCO3, and NaCl as the
mixing ingredients for the fermented rabbit urine treatments.

2.3. Cell multiplication

The research procedures consist of the stage of preparation of tools and materials, rabbit urine fermented,
environmental preparation and S. fusiformis culture media, spreading of S. fusiformis inoculum, and
observations covering S. fusiformis population growth and water quality of culture media.
2.3.1. Spreading of S. fusiformis inoculum

The S. fusiformis inoculum is inserted into the media with a density of 100,000 cells / ml. Calculation of
the number of S. fusiformis inoculums for culture using the following formula which explain below [6].
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54
_N2X V2

55 Vi=—
56 V1 = Volume of inoculum for initial stocking(ml)
57 N1 = Density of the planktonic inoculum(sel/ml)
58 V2= Volume of desired culture media(ml)
59 N2 = The desired density of the planktonic inoculum(sel/ml)
60
61 2.3.2. Measurement of S. fusiformis cell density
62 Observation of water quality as S. fusiformis culture medium includes parameters of temperature, pH,

63 DO, CO,, nitrate and phosphate. Temperature and DO parameters were measured daily (morning, afternoon
64  and night), pH parameters were measured daily, while nitrate and phosphate were measured at the beginning
65 and end of the culture process.
66  Calculation of cell density in S. fusiformis culture is done by taking samples every day using a pipette, then
67  putitin the chamber of haemocytometer.

68 Formula the density of the number of cells according to explain below [7] :
Sg p = MR 16 x 10°

71

72 D = Microalgae density(sel/ml)

73 N1=Number of microalgae in the top right box

74 N2=Number of microalgae in the lower right box

75 N3 =Number of microalgae in the top left box

76 N4 =Number of microalgae in the lower left box

77 X =The number of sample boxes calculated

78

79 2.3. Methods and data analysis

80 The research method used is the experimental method with complete randomized design (CRD) that

81 consists of four treatments and three replications. The treatments in the research are as follow:
82 A: 4 ml/L of fermented rabbit urine

83 B: 6 ml/L of fermented rabbit urine

84 C: 8 ml/L of fermented rabbit urine

85 D: Pro Analysis Fertilizer (Zarrouk medium)

86 The data analysis of S. fusiformis cell desnity is done using Analysis of Variance statistics and difference

87 between treatments was done using the Duncan test. The water quality data (temperature,pH, DO, CO,,
88 NO;™, dan PO,") is analyzed using the comparative descriptive analysis method.
89
90 3. Results and discussion
91 3.1. S. fusiformis cell density and growth pattern
92 The control treatment (Zarrouk medium) has the highest maximum population growth is obtained in,
93  while on the treatments using fermented rabbit urine, the cell density of S. fusiformis increased on the 4 ml/L
94  to 6 ml/L concentration. The fermented rabbit urine concentration of 8 ml/L has the lowest average cell
95 density, which is the treatment with the highest fermented rabbit urine concentration (Figure 1).
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118 Fig. 1: Density of S. fusiformis cells cultured for 14 days. a = lag phase, b = exponential phase, ¢ = stationary
119 phase, d = declination phase.

120

121 The Zarrouk medium has a standardized macro and micro nutrients ratio [8]. The micro nutrients are Fe,
122 Mn, Mg, and Cl. The Zarrouk medium has been commonly used for S. fusiformis cultivation in the laboratory
123 settings, so S. fusiformis has adapted to grow in said media. Therefore, the Zarrouk medium can be utilized
124  faster by S. fusiformis cells for its growth. Treatment B (6 ml/L) shows a higher density average of S.
125 fusiformis cell than treatment A (4 ml/L). The suspected cause is that up to 6 ml/L fermented rabbit urine
126 concentration, S. fusiformis cells could still utilize the macro nutrients increase in urine to optimize its
127 growth.

128 The nutrient in the artificial fertilizer is one of the crucial factors in supporting the success of microalgae
129 cultivation. Based on the preceding statement, a nitrogen and phosphor contents analysis is conducted in this
130 research to identify the percentage of both elements in rabbit urine. Based on the test result of the soil
131 chemistry and plant nutrition laboratory of Universitas Padjadjaran, the nitrogen and phosphor composition
132 in rabbit urine are shown in Table 1.

133
134 Table 1: The Nitrogen and Phospor Contents in Rabbit Urine Analysis
135
No Test Sample Paramenters  Result
1 Rabbit urine N 2,09 %
P,Os 0,69 %
2 Fermented rabbit N 2,20 %
urine P,Os 0,93 %
136
137 Based on Table 1, there is a difference between the result of nitrogen and phosphor parameter analysis on

138 the rabbit urine before and after it is fermented. The value of nitrogen content after the fermentation process
139 increased by 0.11%, while the phosphor content increased by 0.24%. Fermentation is a process of organic
140 compounds breakdown into simple compounds that involves microorganisms. Biourine is obtained from the
141 anaerobic fermentation of urine with the additional nutrition using a nitrogen-fixing microbes and other
142 decomposers, therefore the nitrogen content in biourine will be higher than the average urine [3]. The average
143 density result of S. fusiformis cells shows that the fermented rabbit urine has an impact on the growth of S.
144  fusiformis cells. Based on the preceding statement, an analysis of variance is done to identify the degree of’
145 influence of the treatment towards the average value of S. fusiformis growth at the peak of population. Based
146  on result of Table 2, it can be concluded that giving fermented rabbit urine in different concentrations and
147 using Zarrouk medium as control causes a tangible impact on the growth of S. fusiformis population (F hit >
148 F tab 0.05). Therefore, the Duncan distance test is done with 95% confidence interval to identify the
149  difference between each treatments.
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Table 2: Density of S. fusiformis cells (peak population)

Treatments Average density Peak day
(cell/ml) population

4 ml (A) 151,637 x 106 b 9

6 ml (B) 172,120 x 10° b 9

8 ml (C) 140,800 x 10° « 9

Media zarrouk (D) 182,580 x 10° @ 9

The value followed by different letters indicated significant difference (p < 0.05).

The treatment of 6 ml/L fermented rabbit urine was not different with the control treatment based on the
Duncan test results at peak population. Based on the average cell density at peak population, treatment B
produces a cell density of 94.27% from the control density at peak population (harvest time). The result of
the research using the fermented rabbit urine shows that the population growth of S. fusiformis experiences
four growth phases, which are adaptation, exponential, stationary, and declining growth phase. The observed
growth pattern in this research in all of the treatments is shown on Figure 1. The Lag phase is marked by a
slow growth due to the little to no energy that was used for growth. The phase happened because of the
energy possessed by cells is aimed for self-adaptation towards the culture condition, and also to maintain
metabolism stability, which causes the little energy used for the growth [9].

The exponential phase is marked by the rapid increase of the cell amount. This increase is because the
microalgae actively dividing themselves and creating proteins and cell plasma component makeup that is
needed in the growth process). The stationary growth process is marked by the balance between the growth
and the mortality rate, because of the increase of population density is balanced with the mortality rate, there
is no population growth [9].

The increase of cell concentration in cultivation will increase the self-shading that will lead to the decline
of growth rate. The shade formation of spirulina cells are in tandem with the increasing cell density. The
higher the cell density, the fewer light will penetrate the media because of the blockage [9].

3.2. The water quality of the culture media

The growth of S. fusiformis in the culture media is influenced by the nutrition contents and the environment
of the preservation media. The results of water quality in the culture media during this research are shown in
Table 3.

Table 3: Culture Media Water Quality

Parameters Time Unit Range Optimum Standard
Morning °C 25.50-26.90 25.35
Temperature  Afternoon 26.40-27.90 [10]
Night 24.90-25.90
Morning  mg/L 4.70-5.90
DO Afternoon 4.60-5.60 4'6[5i'f]'27
Night 4.90-6.10
H Initial - 9.02-9.05 7.20-9.50
P Last 9.06-9.09 [12]
co Initial mg/L 2.67-3.64 <12
2 Last 2.85-4.49 [13]
Nitrate Initial mg/L 0.97-1.40 0.90-3.50
Last 0.50-0.94 [14]
Phosphate Initial mg/L 0.84-0.94 0.05-20
Last 0.51-0.91 [14]

In laboratory settings, the change on water temperature is affected by room temperature and light
intensity . The higher temperature in the morning and afternoon is caused by the high room temperature and
light intensity, while the lower temperature at night is caused by the low room temperature and low light
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intensity at night [12]. The increasing temperature to a certain limit can accelerate the metabolism process
and increase S. fusiformis growth. The treatment using 8 ml of fermented rabbit urine has the highest
temperature average, but this treatment also has a lower density of S. fusiformis cells than other treatments.
This is caused by the impact of other water quality parameters or nutrient availability in the culture media
which is affecting the growth of S. fusiformis cells [10].

The pH value is an important factor for the growth of S. fusiformis. Spirulina is usually able to live well in
neutral pH and more tolerant to base than acid because S. fusiformis uses CO, efficiently even though it is
available in a very low concentration [15].

The oxygen availability in the culture media is an important factor for the phytoplankton because it is
directly used to form organic molecules through photosynthesis. The differences on DO average is affected
by the environmental difference in the morning, afternoon, and night.

CO,, in the culture media of S.fusiformis is still in its optimum limit. The range value of CO, at the end of
the cultivation process is higher than the initial cultivation. The higher the CO, concentration, the biomass
production will also increase. CO, is absorbed by microalgaes and used for the biofixation process for
producing biomass [15].

The nitrate and phosphate contents at the end of this research seems to decrease compared to the
beginning of this research. This shows that nitrate and phosphate is used by spirulina to fulfill the needs of
nutrients [16]. But on the treatment using 4 ml of fermented rabbit urine, the phosphate content instead
increased. Furthermore stated that the phosphate source besides from the media also came from the
decomposition of dead algae cells, which is also affected by the cells of S. fusiformis absorbing
phosphate[16].

4. Conclusion

The highest S. fusiformis cell density average at peak growth is on treatment D (Zarrouk medium) by 190.723
x 10¢ sel/ml, followed by treatment B (6 ml/L of fermented rabbit urine) by 172.120 x 10° sel/ml, treatment
A (4 ml/L of fermented rabbit urine) by 151.637 x 10° sel/ml, and the lowest is treatment C (8 ml/L of
fermented rabbit urine) by 140.800 x 10° sel/ml. The usage of fermented rabbit urine is impacting the growth
of S. fusiformis cells and the optimum concentration of fermented rabbit urine usage on the culture media is 6
ml/L with the cell density.of 94.27% from the cell density using Zarrouk medium at peak population.
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