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Abstract 

Growth of Nannochloropsis oculata is affected by nutrients in its culture media. Tofu liquid waste which is 
processed into fertilizer is expected to be an alternative nutrient that is more economical for microalgae 
culture activities. The purpose of this study was to determine the effect of tofu liquid waste fertilizer with 
different concentrations on the growth of Nannochloropsis oculata. This study used an experimental method 
with Completely Randomized Design (CRD). The treatment was different concentrations namely P1 (1 ml L-1), 
P2 (3 ml L-1), P3 (5 ml L-1), P4 (7 ml L-1) and P0 (Walne nutrient 1 ml L-1) each treatment were repeated four 
times. The main parameters in this study were cell density, cell growth rate and cell doubling time. Data 
obtained were analyzed using Analysis of Variance (ANOVA) and continued with Duncan's Multiple Range 
Test (DMRT). Results showed that the treatment of tofu liquid waste fertilizer with different concentrations 
had a significant different (p<0,05) on the growth of Nannochloropsis oculata. Concentration of 5 ml L-1 (P3) 
was the best concentration for the growth of Nannochloropsis oculata with peak cell density 1,335±13.54x104 

cells ml-1, cell growth rate 0.900±0.001 cells ml-1 day-1 and cell doubling time 18.493±0.026 hours. 

Keywords: Tofu Liquid Waste Fertilizer, Growth, Nannochloropsis oculata 

 

1. INTRODUCTION 

Nannochloropsis oculata is a microalgae whose growth is closely related to the nutrient 
content in culture media. Walne nutrient is a standard nutrient to support the growth of 
these microalgae. Walne nutrient has a disadvantage due to its less economical price 
because it’s composed of a variety of synthetic chemical formulations. 

Tofu liquid waste has the potential to be used as fertilizer in Nannochloropsis oculata 
culture because it’s contains macronutrients and micronutrients that can be utilized by 
microalgae. Dianursanti et al. (2014) and Widayat et al. (2017) showed that tofu liquid 
waste can be used for green microalgae cultures but the cell density was still low. This 
was allegedly caused by the use of tofu liquid waste directly. The results of the 
preliminary test showed that tofu liquid waste has organic matter of 2,157.18 mg L-1 and 
N:P ratio of 0.79:1. Tofu liquid waste should be treated first by reducing organic matter 
and adjusting the ratio of nitrogen: phosphorus (N:P) according to growth conditions. 

http://creativecommons.org/licenses/by/3.0/
mailto:rizky.y.rahmadan@gmail.com
https://www.sciencedirect.com/science/article/pii/S1876610214002124
https://www.e3s-conferences.org/articles/e3sconf/abs/2018/06/e3sconf_icenis2018_04009/e3sconf_icenis2018_04009.html
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Effective microorganisms (EM) are suitable microorganism cultures to degrade these 
organic matter. The test results showed that N:P ratio of tofu liquid waste after 
fermentation of 0.88:1. The N:P ratio in tofu liquid waste after fermentation with EM also 
needs to be increased by adding nitrogen. The standard N:P ratio commonly used in 
Nannochloropsis oculata cultures is 17:1, which refers to Walne nutrient. The purpose of 
this study was to determine the effect of tofu liquid waste fertilizer with different 
concentrations on the growth of Nannochloropsis oculata and to know the concentration 
that can provide the best growth. 

2. METHOD 

The materials used in this study were culture rack, aerator, tubular light (TL) set, lux 
meter, T branch, culture tube, aeration hose, cleaning brush, glass drop pipette, 
haemocytometer, glass cover, binocular microscope, sprayer, hand counter, optilab 
camera, glass jar, erlenmeyer, autoclave, aeration, thermometer, refractometer, pH 
meter, measuring cup, analytic balance, measuring pipettes, bulbs, storage bottles, jerry 
cans, Nannochloropsis oculata from BPBAP Situbondo, tofu liquid waste, plastic wraps, 
Effective Microorganism (EM), molasses, aquades, 70 % alcohol, liquid chlorine, cotton, 
tissue, sodium thiosulfate, Walne nutrient, sea water, paper label and fresh water. 

This research used an experimental method with Completely Randomized Design (CRD). 
The treatment used were tofu liquid waste fertilizer with different concentrations namely 
P1 (1 ml L-1), P2 (3 ml L-1), P3 (5 ml L-1), P4 (7 ml L-1) and P0 (Walne nutrient 1 ml L-1) 
each treatment were repeated four times. The main parameters in this study were cell 
density, cell growth rate and cell doubling time. Data obtained were analyzed using 
Analysis of Variance (ANOVA) and continued with Duncan's Multiple Range Test (DMRT). 
The nutrients content of each treatments are presented in Table 1. 
 

Table 1. Nutrient Content in Each Treatment 

Treatment 
Nitrogen 

(N) (mg L-1) 

Phosphorus 

(P) (mg L-1) 

N:P 

Ratio 

Iron (Fe) 

(µg L-1) 

Zinc (Zn) 

(µg L-1) 

Manganese 

(Mn) (µg L-1) 

P0 1.510 0.087 17:1 0.312 0.010 0.100 

P1 10.999 0.647 17:1 1.604 0.321 0.402 

P2 32.997 1.941 17:1 4.812 0.963 1.206 

P3 54.995 3.235 17:1 8.020 1.605 2.010 

P4 76.993 4.529 17:1 11.228 2.247 2.814 

Preparation for Tofu Liquid Waste Fertilizer Stock 

Effective microorganism (EM) was activated by mixing EM, molasses and distilled water 
in a ratio of 1:1:20 in a glass jar. The mixture was stirred evenly and left for 12 hours 
under anaerobic conditions. Fermentation is done by mixing EM which has been active 
with tofu liquid waste using a ratio of 1:20 in a glass jar and then left for 7 days under 
anaerobic conditions. Tofu liquid waste that has been through the fermentation process 
was filtered again to eliminating the lumps formed during the fermentation process and 
then carried out the autoclave sterilization process at a temperature of 121 oC and a 
pressure of 1 atm for 15 minutes. Tofu liquid waste before and after fermentation 
examined on the content of nitrogen (N), phosphorus (P) and organic matter. Results can 
be seen in Table 2. 
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Table 2. Tofu Liquid Waste Examination Result 

Tofu Liquid Waste N-Total (mg L-1) P-Total (mg L-1) N:P Ratio Organic Matter (mg L-1) 

Pre Fermentation 330 414 0.79:1 2,157.18 
Post Fermentation 572 647 0.88:1 873.42 

Results showed that the N:P ratio of tofu liquid waste after fermentation was still not in 
accordance with the standard, namely 17:1 so that it was necessary to add nitrogen from 
urea fertilizer. Urea fertilizer contain nitrogen of 45.17 %. The calculation results showed 
to increase the N:P ratio from 0.88:1 to 17:1, it was necessary to add 23.0839 grams of 
urea fertilizer in 1 liter of fermented tofu liquid waste. 

Preparation for Walne Nutrient Stock 

Walne nutrient in this study was obtained from BPBAP Situbondo. Walne nutrient 
contains N:P ratio of 17:1 with a concentration of 1 ml L-1 of culture media. Each 1 liter 
Walne nutrient contains 100 grams of NaNO3, NaH2PO4.2H2O 20 grams, Na2EDTA 45 
grams, H3BO3 33.6 grams, FeCl3.6H2O 1.5 grams, MnCl2.4H2O 0.36 grams, Na2SiO3.9H2O 
40 grams, trace solution 1 ml metal and 1 ml vitamin solution (Endar et al., 2012). 

Sterilization of Culture Equipment and Media 

The glassware sterilized by being wrapped using opaque paper then autoclave at 121 oC 
and pressure of 1 atm for 15 minutes. Large glass equipment and aeration sterilized using 
a chlorine solution of 150 mg L-1 for 24 hours then rinsed with fresh water until the smell 
of chlorine was lost and dried. Sterilization of culture media was carried out using 
chlorine 60 mg L-1 for 24 hours and neutralized with sodium thiosulfate 30 mg L-1 with 
aeration for 24 hours. 

Nannochloropsis oculata Culture 

The culture in this study used a volume of 500 ml. Preparation was carried out by mixing 
sterile sea water with salinity of 30 ppt then adding fertilizer according to the treatment 
and inoculum with an initial cell density of 104 cells ml-1 then cultured for 14 days. The 
expected culture environment was temperature of 32-36 ºC, pH 7-9, salinity 30 ppt, light 
intensity 5.000 lux. The photoperiod used in this study was 24 hours bright. 

Cell Density Calculation (N) 

Cell density of Nannochloropsis oculata was calculated using the Tulashie and Salifu 
(2017) method every 24 hours for 14 days from the beginning of culture. The formula for 
calculating cell density as follows: 

Cell Density (N) (cells ml-1) = Na+Nb+Nc+Nd+Ne

5 x 4 x 10−6
      (1) 

Note : 
Na, Nb, Nc, Nd, Ne : Cell density in the square a, b, c, d, e (cells) 
konstanta 5  : Total square used to count 
4 x 10-6  : Square a, b, c, d, e volume (ml) 

 

 

 

 

https://www.neliti.com/publications/93319/effect-of-using-guillard-and-walne-technical-culture-media-on-growth-and-fatty-a
https://www.tandfonline.com/doi/full/10.1080/17597269.2017.1348188
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Cell Growth Rate Calculation (µ) 

Cell growth rate was calculated when it reached the peak of the exponential phase. 
Calculation of cell growth rate refers to the method of Paes et al. (2016) as follows: 

Cell Growth Rate (µ) (cells ml-1 day-1) = ln Nt− ln N0

Δt
     (2) 

Note 
Nt : Cell density at exponential phase peak (sel ml-1) 

N0   : Cell density at the beginning (sel ml-1) 

Δt : Different in cell density calculation time (day) 

Cell Doubling Time Calculation (td) 

Cell doubling time was calculated when it reached the peak of the exponential phase. 
Calculation of cell doubling time refers to the method of Schweitzer et al. (2014) as 
follows: 

Cell Doubling Time (td) (hour) = ln 2

𝜇
 = 0,693

𝜇
      (3) 

Note 
td  : Cell doubling time (hour) 
µ  : Cell growth rate (sel ml-1 hour-1) 

3. RESULTS AND DISCUSSION 

Results 

The results of Analysis of Variance (ANOVA) showed that the treatment of tofu liquid 
waste fertilizer with different concentrations had a significant different (p<0.05) on cell 
density (Figure 1), cell growth rate and cell doubling time of Nannochloropsis oculata. 
Results of Duncan's Multiple Range Test (DMRT) at the cell population peak (day 8) 
showed that there were significant different (p<0.05) between treatments (Table 3). 
Results of Duncan's Multiple Range Test (DMRT) on growth rate and cell doubling time 
time data (Table 4) showed that there were significant differences (p<0.05) between 
treatments. Result of environment condition can be seen in Table 5. 

 

Figure 1. Growth Curve of Nannochloropsis oculata 

 

 

https://www.lajar.cl/index.php/rlajar/article/view/vol44-issue2-fulltext-9
https://www.researchgate.net/publication/270571418_Evaluation_of_Media_and_NitrogenPhosphorous_Ratios_for_Optimal_Growth_of_Biotechnologically_Important_Unicellular_Microalgae
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Table 3. Nannochloropsis oculata Average Cell Density 

Culture Period 

(Day) 

Cell Density (Average±SDx104 cells ml-1) 

P0 P1 P2 P3 P4 

0 1±0 1±0 1±0 1±0 1±0 

1 21.25±2.5ab 20±0b 23.75±2.5a 23.75±2.5a 20±0b 

2 32±0.81a 27.25±0.5b 26.5±0.57b 27±0.81b 25±1.15c 

3 35.25±1.25a 32.5±0.57c 33±1.15bc 34±0.81ab 30.5±0.57d 

4 78.75±0.95a 57.25±1.5d 60.75±0.95c 71.5±0.57b 55.25±1.5e 

5 135.5±3.69a 105.25±2.06b 96.75±3.86c 105.25±1.5b 82.25±2.06d 

6 473.5±4.04b 474.5±24.44b 466.25±30.41b 565.5±7.85a 459±7.52b 

7 980.75±12.99a 752.5±15.02c 735.25±8.30c 864.25±9.17b 605±23.80d 

8 1,736.25±17.01a 1,020±4.08d 1,186.25±7.5c 1,335±13.54b 985±10.80e 

9 1,147.5±10.4a 725±4.08d 732.5±10.4d 876.25±4.78b 766.25±4.78c 

10 950±12.9a 512.25±11.05d 573.75±26.57c 778.25±18.67b 550.75±26.87c 

11 837.5±32.01a 542.5±6.45d 573.75±2.5c 622.5±6.45b 536.25±20.96d 

12 770±9.12a 536.25±20.15c 557.5±15.0c 658.75±21.36b 421.25±43.08d 

13 648.75±33.26a 350±34.88c 342.5±13.22c 552.5±23.27b 366.25±35.44c 

14 545.75±31.76a 334.5±18.73b 248.25±33.04c 334.5±17.15b 251.5±29.03c 

Note : P0 (Walne nutrient 1 ml L-1), P1 (tofu liquid waste fertilizer 1 ml L-1), P2 (tofu liquid waste fertilizer 
3 ml L-1), P3 (tofu liquid waste fertilizer 5 ml L-1), P4 (tofu liquid waste fertilizer 7 ml L-1) and SD = Standard 
Deviation, different superscripts on the same line show significant different (p<0.05). 

Table 4. Nannochloropsis oculata Average Cell Growth Rate and Cell Doubling Time 

Treatment 
Cell Growth Rate 

(Average±SD cells ml-1 day-1) 

Cell Doubling Time 

(Average±SD hour) 

P0 0.932±0.001a 17.841±0.023a 

P1 0.866±0.001d 19.211±0.011d 

P2 0.883±0.001c 18.801±0.017c 

P3 0.900±0.001b 18.493±0.026b 

P4 0.862±0.001e 19.308±0.031e 

Note : P0 (Walne nutrient 1 ml L-1), P1 (tofu liquid waste fertilizer 1 ml L-1), P2 (tofu liquid waste fertilizer 
3 ml L-1), P3 (tofu liquid waste fertilizer 5 ml L-1), P4 (tofu liquid waste fertilizer 7 ml L-1) and SD = Standard 
Deviation, different superscripts on the same row show significant different (p<0.05). 

Table 5. Environment Condition of Nannochloropsis oculata Culture 

Parameter 
Results 

 Normal Range 
P0 P1 P2 P3 P4 

Culture Media 

Temperature (oC) 
27.7-35.3 27.6-34.9 27.7-35 27.7-35 27.7-34.7 a25-36 

Culture Chamber 

Temperature (oC) 
28-32 28-32 28-32 28-32 28-32 b25-30 

Culture Media pH 7.6-8.6 7.6-8.7 7.6-8.8 7.6-8.7 7.6-8.7 a7-9.4 

Culture Media 

Salinity (ppt) 
30-38.5 30-38.5 30-38.5 30-38.8 30-38.3 c25-45 

Culture Chamber 

Light Intensity 

(lux) 

5,230-5,882 5,210-5,922 5,407-5,960 5,270-5,960 5,277-5,960 d3,000-9,000 

Note : aBanerjee et al., 2011; bSun et al., 2018; cGu et al., 2012;  dBudiono et al., 2018 and  P0 (Walne  nutrient 
1 ml L-1), P1 (tofu liquid waste fertilizer 1 ml L-1), P2 (tofu liquid waste fertilizer 3 ml L-1), P3 (tofu liquid 
waste fertilizer 5 ml L-1), P4 (tofu liquid waste fertilizer 7 ml L-1). 

 

 

https://www.ajol.info/index.php/ajb/article/view/92946
https://www.sciencedirect.com/science/article/abs/pii/S0960852417319648
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/elsc.201100204
https://www.semanticscholar.org/paper/Modelling-Interaction-of-CO-2-Concentration-and-the-Budiono-Juahir/a487d7c44d9ba8fedbc1da11f4e803a27b4f3d23
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Discussion 

Growth of Nannochloropsis oculata 

Results on growth parameters were cell density (Table 3), cell growth rate and cell 
doubling time (Table 4) showed that treatment P3 provides the highest cell density, cell 
growth rate and the shortest cell doubling time compared to treatments P1, P2 and P4 
but treatment P3 has lower cell density, cell growth rate and longer cell doubling time 
compared to P0 (Walne nutrient). It was assumed that nutrients contained in tofu liquid 
waste fertilizer were suitable to supported the growth of Nannochloropsis oculata, but 
the nutrients contained in Walne nutrient were still more optimal to support growth 
compared to nutrients in tofu liquid waste fertilizer. 

The nitrogen:phosphorus (N:P) ratio, nutrient concentration and nutrient sources are 
factors that influence microalgae growth (Ashour and El-Wahab, 2017). The N:P ratio in 
all treatments was 17:1. The difference in growth that occurs was thought to be due to 
different in the concentration of nutrients and sources of nitrogen and phosphorus from 
the two nutrients. 

In the treatment of tofu liquid waste fertilizer, treatment P3 has the best growth when 
compared with treatments P1, P2 and P4. It was assumed that nutrient concentrations in 
treatment P3 can be absorbed properly by cell and were at the appropriate concentration 
to support growth compared to treatments P1 and P2. In treatment P4, it was assumed 
that nutrient concentrations in culture media exceed cell requirements and there was an 
imbalance in concentration between culture media and cell cytoplasm, causing some cells 
become lysis and the growth result was lower than treatment P3. 

In treatment P0 (Walne nutrient) has lower nutrient concentration than treatment P1 but 
has better growth than treatment P3. This was allegedly due to differences in sources of 
nitrogen and phosphorus on Walne nutrient with tofu liquid waste fertilizer. Endar et al. 
(2012) stated that Walne nutrient contained nitrate (NO3

−) as nitrogen source from 

NaNO3 and orthophosphate (PO4
2−) as phosphorus source from NaH2PO4.2H2O. Tofu 

liquid waste fertilizer contained ammonium (NH4
+), nitrate (NO3

−) and amino acid 

(NH4COO-R’) as nitrogen source from proteins breakdown by lactic acid bacteria (de 
Mesquita et al., 2017) and orthophosphate (HPO4

2− dan H2PO4
−) as phosphorus source 

from dissolution of organic phosphorus by Actinomycetes (Alori et al., 2017). 

Hii et al. (2011) stated that Nannochloropsis cultured using fertilizer contain nitrate 
(NO3

−) and ammonium (NH4
+) had lower growth compared to those cultured using 

fertilizer contain nitrate (NO3
−) as a single nitrogen source. This was due to different in 

ion types and molecular weight. Ammonium (NH4
+) will reduce the effectiveness of 

nitrate (NO3
−) absorption so that the growth result was lower (Sanz-Luque et al., 2015). 

Nannochloropsis is a genus of microalgae which is more likely to use nitrate (NO3
−) as 

nitrogen source compared to ammonium (NH4
+) and amino acids (NH4COO-R’) (Hii et al., 

2011). 

Mayhead et al. (2018) explains that microalgae are easier to use orthophosphate with the 
form of PO4

2− than HPO4
2− and H2PO4

−. PO4
2− is more effective to used as a source of 

phosphorus in photophosphorylation reactions to forming adenosine triphosphate (ATP) 
with the support of ATP synthase enzymes than HPO4

2− and H2PO4
− because it has smaller 

molecular size (Masojidek et al., 2013). The more effective formation of ATP will 
accelerate the formation of genetic material, namely DNA for the cell division process. 

https://www.researchgate.net/publication/319923179_Enhance_Growth_and_Biochemical_Composition_of_Nannochloropsis_oceanica_Cultured_under_Nutrient_Limitation_Using_Commercial_Agricultural_Fertilizers
https://www.neliti.com/publications/93319/effect-of-using-guillard-and-walne-technical-culture-media-on-growth-and-fatty-a
https://www.journals.ufrpe.br/index.php/JEAP/article/view/1202
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.00971/full
https://www.researchgate.net/publication/285533201_Interactive_effect_of_ammonia_and_nitrate_on_the_nitrogen_uptake_by_Nannochloropsis_sp
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2015.00899/full
https://www.researchgate.net/publication/285533201_Interactive_effect_of_ammonia_and_nitrate_on_the_nitrogen_uptake_by_Nannochloropsis_sp
https://pmc.ncbi.nlm.nih.gov/articles/PMC5872038/
https://www.researchgate.net/publication/277697238_Handbook_of_Microalgal_Culture_Applied_Phycology_and_Biotechnology_Second_Edition
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The results showed that cell growth rate had a positive correlation with cell density but 
had a negative correlation with cell doubling time. Short cell doubling times produce high 
growth rates and cell densities. Treatment P3 had the best results compared to 
treatments P1, P2 and P4 but treatment P0 (nutrient walne) had better results than 
treatment P3. The correlation between doubling time, growth rate and cell density is 
affected by the metabolism of Nannochloropsis oculata. Nutrients contained in tofu liquid 
waste fertilizer become one of the factors that influence metabolic activity. 

Nitrogen (N), phosphorus (P), iron (Fe), zinc (Zn) and manganese (Mn) in tofu liquid 
waste fertilizers are nutrients that play an important role in the cell division process 
which then affects doubling time, growth rate and cell density. Bisova and Zachleder 
(2014) explain that nitrogen (N) and phosphorus (P) play a role in the preparation of 
DNA, which is nucleic acid that very instrumental in the process of mitosis when binary 
fission occurs by parent cells which then produces daughter cells. Nitrogen (N) and 
phosphorus (P) in the right concentration and source will cause the process of DNA 
replication in the process of cell division to be faster. Flynn and Raven (2017) explain the 
rate of growth of microalgae cells is also influenced by the activity of the enzyme ribulose-
1,5-biphosphate carboxylase/oxydase (RuBisCO) which serves to accelerate the binding 
of CO2 for use in photosynthesis which will produce ATP for energy in the cell division 
process . The effectiveness of the RuBisCO enzyme works depends on the micronutrient 
concentration of iron (Fe), zinc (Zn) and manganese (Mn) (Dou et al., 2013). In treatment 
P3, it is suspected that the activity of RuBisCO enzyme runs more optimally so that cell 
generation time was shorter and had higher growth rate and cell density compared to 
treatments P1, P2 and P4. In the treatment P0 (Walne nutrient) was thought to have a 
concentration and a better source of nutrients to support the work of the RuBisCO 
enzyme so that it had a shorter cell doubling time and a higher growth rate and cell 
density than the treatment P3. 

Nannochloropsis oculata in this study had growth curve consisting of adaptation, 
exponential and death phases. The adaptation phase in treatments P0, P1, P2, P3 and P4 
starts on day 1 until day 5. The long-term adaptation process occurs because inoculated 
Nannochloropsis oculata adapts to the conditions of the new culture media. Adaptation 
carried out to temperature, pH, salinity of culture media and light intensity of the culture 
chamber. The exponential phase occurs in treatments P0, P1, P2, P3 and P4 starting from 
day 5 until day 8. The exponential phase that occurs on day 5 until day 8 was caused by 
the nutrients present in the culture media that can be optimally utilized on the day 5 to 
day 8. On the day 8 Nannochloropsis oculata in treatments P0, P1, P2, P3, P4 reached peak 
of cell populations. The death phase in treatments P0, P1, P2, P3 and P4 occurred from 
day 9 until day 14. This was occurs because Nannochloropsis oculata snatched space in 
the culture media and the nutrient content in culture media decreases significantly so the 
cell death rate occurs was higher than the cell reproduction rate. 

Environment Condition of Nannochloropsis oculata Culture 

The temperature of media and culture chamber during the study showed significant 
increase from 27.6 oC until 35.3 oC for culture media and 28.0 oC until 32.0 oC for culture 
chamber. Normal range of temperatures for culture media are 25.0-36.0 oC (Banerjee et 
al., 2011) and for culture chamber are 25.0-30.0 oC (Sun et al., 2018). The increase in 
temperature was thought to be a factor that causes the adaptation period to last a long 
time, starting on day 1 until day 5. This was presumably because the air circulation was 

https://academic.oup.com/jxb/article/65/10/2585/573549
https://www.researchgate.net/publication/308013141_What_is_the_limit_for_photoautotrophic_plankton_growth_rates
https://onlinelibrary.wiley.com/doi/10.1155/2013/671545
https://www.ajol.info/index.php/ajb/article/view/92946
https://www.sciencedirect.com/science/article/abs/pii/S0960852417319648
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running poorly so that the heat from the radiation of the tubular lamp (TL) was trapped 
in the culture chamber. The temperature of the culture media measured during the study 
was still in the normal range but the measured temperature of culture chamber was 
slightly higher than the upper limit of the normal range.  

The pH of the culture media in this study ranged from 7.6 until 8.8. The normal range of 
culture media pH is 7.0-9.4 (Banerjee et al., 2011). The increase of pH caused by 
photosynthesis carried out by microalgae. Carbon dioxide in water forms a bicarbonate 
acid compound (H2CO3). This compound then decomposes H2CO3H++HCO3

−. 
Nannochloropsis oculata utilized carbonic acid (HCO3

−) for photosynthesis by absorbing 

CO2 and releasing OH-. Cultures that used 24 hour bright photoperiods cause high CO2 
requirements so that OH- were always formed so increase pH in culture media. 

The salinity of the culture media in this study ranged from 30.0 to 38.8 ppt. The normal 
range of culture media salinity is 25.0-45.0 ppt (Gu et al., 2012). The increase in salinity 
caused by the evaporation process of culture media due to heat from tubular lamp (TL) 
was used as a light source. Evaporation results higher dissolved mineral concentrations 
so that salinity increase. 

The light intensity of the culture chamber in this study ranged from 5,210-5,960 lux. The 
normal range of light intensity of culture chamber is 3,000-9,000 lux (Budiono et al., 
2018). Light intensity in the study has been able to support the growth of Nannochloropsis 
oculata. 

4. CONCLUSIONS AND SUGGESTIONS 

Tofu liquid waste fertilizer with different concentrations affects the growth of 
Nannochloropsis oculata and the concentration that can provide the best growth found in 
the treatment P3, namely the tofu liquid waste fertilizer 5 ml L-1.  

5. ACKNOWLEDGE 

We as authors would like to express our sincere gratitude to all individuals and 
institutions that supported this research. Special thanks to the Faculty of Fisheries and 
Marine Airlangga University for providing the facilities and resources necessary for 
conducting this study. 

6. REFERENCE 

Alori, E. T., B. R. Glick and O. O. Babalola. 2017. Microbial Phosphorus Solubilization and 
Its Potential for Use in Sustainable Agriculture. Frontiers in Microbiology, 8 (971) : 
1-8. https://doi.org/10.3389/fmicb.2017.00971 

Ashour, M. and A. K. El-Wahab. 2017. Enhance Growth and Biochemical Composition of 
Nannochloropsis oceanica, Cultured under Nutrient Limitation, Using Commercial 
Agricultural Fertilizer. Journal of Marine Science: Research and Development, 7 (4) 
: 1-5. DOI:10.4172/2155-9910.1000233 

Banerjee, S., W. E. Hew, H. Khatoon, M. Shariff and F. M. Yusoff. 2011. Growth  and 
Proximate Composition of Tropical Marine Chaetoceros calcitrans and 
Nannochloropsis oculata Cultured Outdoors and Under Laboratory Conditions. 
African Journal of Biotechnology, 10 (8) : 1375-1383. 
https://doi.org/10.5897/AJB10.1748 

https://www.ajol.info/index.php/ajb/article/view/92946
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/elsc.201100204
https://www.semanticscholar.org/paper/Modelling-Interaction-of-CO-2-Concentration-and-the-Budiono-Juahir/a487d7c44d9ba8fedbc1da11f4e803a27b4f3d23
https://doi.org/10.3389/fmicb.2017.00971
http://dx.doi.org/10.4172/2155-9910.1000233
https://doi.org/10.5897/AJB10.1748


Growth of Nannochloropsis oculata Cultured using Tofu Liquid Waste Fertilizer 

122 

 

 

Bisova, K. and V. Zachleder. 2014. Cell-Cycle Regulation in Green Algae Dividing by 
Multiple Fission. Journal of Experimental Botany, 17 : 1-18. 
https://doi.org/10.1093/jxb/ert466 

Budiono, R., H. Juahir, M. Mamat, Sukono and M. Nurzaman. 2018. Modelling Interaction 

of CO2 Concentration and the Biomass Algae Due to Reduction of Anthropogenic 
Carbon Based on Predator-Prey Model. International Journal of Applied 
Environmental Sciences, 13 (1) : 27-38. 

de Mesquita, A. R. C., L. P. da Mota, S. I. J. da Cruz, V. F. de Lima, V. M. S. Filho, A. A. Araujo, 
T. L. da Silva, K. F. Araujo and L. S. Macedo. 2017. Metabolism and Physiology of 
Lactobacilli : A Review. Journal of Environmental Analysis and Progres, 2 (2) : 125-
136. DOI:10.24221/jeap.2.2.2017.1202.115-124 

Dianursanti, B. T. Rizkytata, M. T. Gumelar and T. H. Abdullah. 2014. Industrial Tofu 
Wastewater as a Cultivation Medium of Microalgae Chlorella vulgaris. Energy 
Procedia, 47 : 56-61. https://doi.org/10.1016/j.egypro.2014.01.196 

Dou, X., X. Lu, M. Lu, L. Yu, R. Xue and J. Ji. 2013. The Effects of Trace Elements on The 
Lipid Productivity and Fatty Acid Composition of Nannochloropsis oculata. Journal 
of Renewable Energy, 2 (1) : 1-6.  https://doi.org/10.1155/2013/671545 

Endar, V., S. J. Hutabarat and B. Prayitno. 2012. Effect of Using Guillard and Walne 
Technical Culture Media on Growth and Fatty Acid Profiles of Microalgae 
Skeletonema sp. in Mass Culture. Journal of Coastal Development, 16 (1) : 50- 56. 

Flynn, K. J. and J. A. Raven. 2017. What is The Limit for Photoautotropic Plankton Growth 
Rates ?. Journal of Plankton Research, 39 (1) : 13-22. DOI:10.1093/plankt/fbw067 

Gu, N., Q. Lin, G. Li, Y. Tan, L. Huang and J. Lin. 2012. Effect of Salinity on Growth, 
Biochemical Composition and Lipid Productivity of Nannochloropsis oculata CS 179. 
Journal of Engineering Life Sciences, 12 (5) : 1-7. 
https://doi.org/10.1002/elsc.201100204 

Hii, Y. S., C. L. Soo, T. S. Chuah, A. M. Azmi and A. B. A. Munafi. 2011.  Interactive Effect of 
Ammonia and Nitrate on The Nitrogen Uptake by Nannochloropsis sp.. Journal of 
Sustainability Science and Management, 6 (1) : 60-68. 

Masodijek, J.,G. Torzillo and M. Koblizek. 2013. Handbook of Microalgal Culture: Applied 

Phycology and Biotchnology. 2nd Edition. John Wiley and Sons. New York. pp. 21-
36. DOI: 10.1002/9781118567166.ch6 

Mayhead, E., A. Silkina, C. A. Llewellyn and C. Fuentes-Grunewald. 2018. Comparing 
Nutrient Removal from Membrane Filtered and Unfiltered Domestic Wastewater 
Using Chlorella vulgaris. Biology, 7 (12) : 1-21. doi: 10.3390/biology7010012 

Paes, C. R. P. S., G. R. Faria, N. A. B. Tinoco, D. J. F. A. Castro, E. Barbarino and S. O. Lourenço. 
2016. Growth, Nutrient Uptake and Chemical Composition of Chlorella sp. and 
Nannochloropsis oculata Under Nitrogen Starvation. Latin American Journal of 
Aquatic Research, 44 (2) : 275-292. DOI:10.3856/vol44-issue2-fulltext-9 

https://doi.org/10.1093/jxb/ert466
http://dx.doi.org/10.24221/jeap.2.2.2017.1202.115-124
https://doi.org/10.1016/j.egypro.2014.01.196
https://doi.org/10.1155/2013/671545
http://dx.doi.org/10.1093/plankt/fbw067
https://doi.org/10.1002/elsc.201100204
http://dx.doi.org/10.1002/9781118567166.ch6
https://doi.org/10.3390/biology7010012
http://dx.doi.org/10.3856/vol44-issue2-fulltext-9


Rahmadan et al., 

 

 123 

 

Sanz-Luque, E., A. Chamizo-Ampudia, A. Llamas, A. Galvan and E. Fernandez. 2015. 
Understanding Nitrate Assimilation and Its Regulation in Microalgae. Frontiers in 
Plant Science, 6 (2) : 1-17. https://doi.org/10.3389/fpls.2015.00899 

Schweitzer, H., K. E. Murray and F. G. Healy. 2014. Evaluation of Media and 
Nitrogen:Phosphorous Ratios for Optimal Growth of Biotechnologically Important 
Unicellular Microalgae. American Journal of Biomass and Bioenergy, 3 (3) : 139-
150. DOI:10.7726/ajbb.2014.1010 

Sun, Y., Y. Huang, Q. Liao, A. Xia, Q. Fu, X. Zhu and J. Fu. 2018. Boosting Nannochloropsis 
oculata Growth and Lipid Accumulation in a Lab-scale Open Raceway Pond 
Characterized by Improved Light Distributions Employing Built-in Planar 
Waveguide Modules. Bioresource Technology, 249 : 880-889. 
DOI: 10.1016/j.biortech.2017.11.013 

Tulashie, S. K. and S. Salifu. 2017. Potential Production of Biodiesel from Green 
Microalgae. Biofuels : 1-8. DOI:10.1080/17597269.2017.1348188 

Widayat, J. Philia and J. Wibisono. 2018. Cultivation of Microalgae Chlorella sp. on Fresh 
Water and Waste Water of Tofu Industry. International Conference on Energy, 
Environment and Information System (ICENIS), 31 : 1-3. 
DOI:10.1051/e3sconf/20183104009 

 
 

https://doi.org/10.3389/fpls.2015.00899
http://dx.doi.org/10.7726/ajbb.2014.1010
https://www.sciencedirect.com/journal/bioresource-technology
https://doi.org/10.1016/j.biortech.2017.11.013
http://dx.doi.org/10.1080/17597269.2017.1348188
http://dx.doi.org/10.1051/e3sconf/20183104009

	Growth of Nannochloropsis oculata Cultured using Tofu Liquid Waste Fertilizer
	Rizky Yanuar Rahmadan1*, Woro Hastuti Satyantini2, Luthfiana Aprilianita Sari3
	1Study Program Aquaculture, Faculty of Fisheries and Marine, Airlangga University, Surabaya, Indonesia
	2,3Departement of Fish Health and Aquaculture Faculty of Fisheries and Marine, Airlangga University, Surabaya, Indonesia
	*Corresponding author: rizky.y.rahmadan@gmail.com
	Abstract
	Growth of Nannochloropsis oculata is affected by nutrients in its culture media. Tofu liquid waste which is processed into fertilizer is expected to be an alternative nutrient that is more economical for microalgae culture activities. The purpose of t...
	Keywords: Tofu Liquid Waste Fertilizer, Growth, Nannochloropsis oculata
	1. INTRODUCTION
	Nannochloropsis oculata is a microalgae whose growth is closely related to the nutrient content in culture media. Walne nutrient is a standard nutrient to support the growth of these microalgae. Walne nutrient has a disadvantage due to its less econom...
	Tofu liquid waste has the potential to be used as fertilizer in Nannochloropsis oculata culture because it’s contains macronutrients and micronutrients that can be utilized by microalgae. Dianursanti et al. (2014) and Widayat et al. (2017) showed that...
	Effective microorganisms (EM) are suitable microorganism cultures to degrade these organic matter. The test results showed that N:P ratio of tofu liquid waste after fermentation of 0.88:1. The N:P ratio in tofu liquid waste after fermentation with EM ...
	2. METHOD
	The materials used in this study were culture rack, aerator, tubular light (TL) set, lux meter, T branch, culture tube, aeration hose, cleaning brush, glass drop pipette, haemocytometer, glass cover, binocular microscope, sprayer, hand counter, optila...
	This research used an experimental method with Completely Randomized Design (CRD). The treatment used were tofu liquid waste fertilizer with different concentrations namely P1 (1 ml L-1), P2 (3 ml L-1), P3 (5 ml L-1), P4 (7 ml L-1) and P0 (Walne nutri...
	Table 1. Nutrient Content in Each Treatment
	Preparation for Tofu Liquid Waste Fertilizer Stock
	Effective microorganism (EM) was activated by mixing EM, molasses and distilled water in a ratio of 1:1:20 in a glass jar. The mixture was stirred evenly and left for 12 hours under anaerobic conditions. Fermentation is done by mixing EM which has bee...
	Table 2. Tofu Liquid Waste Examination Result
	Results showed that the N:P ratio of tofu liquid waste after fermentation was still not in accordance with the standard, namely 17:1 so that it was necessary to add nitrogen from urea fertilizer. Urea fertilizer contain nitrogen of 45.17 %. The calcul...
	Preparation for Walne Nutrient Stock
	Walne nutrient in this study was obtained from BPBAP Situbondo. Walne nutrient contains N:P ratio of 17:1 with a concentration of 1 ml L-1 of culture media. Each 1 liter Walne nutrient contains 100 grams of NaNO3, NaH2PO4.2H2O 20 grams, Na2EDTA 45 gra...
	Sterilization of Culture Equipment and Media
	The glassware sterilized by being wrapped using opaque paper then autoclave at 121 oC and pressure of 1 atm for 15 minutes. Large glass equipment and aeration sterilized using a chlorine solution of 150 mg L-1 for 24 hours then rinsed with fresh water...
	Nannochloropsis oculata Culture
	The culture in this study used a volume of 500 ml. Preparation was carried out by mixing sterile sea water with salinity of 30 ppt then adding fertilizer according to the treatment and inoculum with an initial cell density of 104 cells ml-1 then cultu...
	Cell Density Calculation (N)
	Cell density of Nannochloropsis oculata was calculated using the Tulashie and Salifu (2017) method every 24 hours for 14 days from the beginning of culture. The formula for calculating cell density as follows:
	Cell Density (N) (cells ml-1) = ,Na+Nb+Nc+Nd+Ne-5 x 4 x ,10-−6..      (1)
	Note :
	Na, Nb, Nc, Nd, Ne : Cell density in the square a, b, c, d, e (cells)
	konstanta 5  : Total square used to count
	4 x 10-6  : Square a, b, c, d, e volume (ml)
	Cell Growth Rate Calculation (µ)
	Cell growth rate was calculated when it reached the peak of the exponential phase. Calculation of cell growth rate refers to the method of Paes et al. (2016) as follows:
	Cell Growth Rate (µ) (cells ml-1 day-1) = ,,ln N-t.− ln ,N-0.-Δt.     (2)
	Note
	Nt : Cell density at exponential phase peak (sel ml-1)
	,N-0.   : Cell density at the beginning (sel ml-1)
	Δt : Different in cell density calculation time (day)
	Cell Doubling Time Calculation (td)
	Cell doubling time was calculated when it reached the peak of the exponential phase. Calculation of cell doubling time refers to the method of Schweitzer et al. (2014) as follows:
	Cell Doubling Time (td) (hour) = ,,ln-2.-𝜇. = ,0,693-𝜇.      (3)
	Note
	td  : Cell doubling time (hour)
	µ  : Cell growth rate (sel ml-1 hour-1)
	3. RESULTS AND DISCUSSION
	Results
	The results of Analysis of Variance (ANOVA) showed that the treatment of tofu liquid waste fertilizer with different concentrations had a significant different (p<0.05) on cell density (Figure 1), cell growth rate and cell doubling time of Nannochloro...
	Figure 1. Growth Curve of Nannochloropsis oculata
	Table 3. Nannochloropsis oculata Average Cell Density
	Note : P0 (Walne nutrient 1 ml L-1), P1 (tofu liquid waste fertilizer 1 ml L-1), P2 (tofu liquid waste fertilizer 3 ml L-1), P3 (tofu liquid waste fertilizer 5 ml L-1), P4 (tofu liquid waste fertilizer 7 ml L-1) and SD = Standard Deviation, different ...
	Table 4. Nannochloropsis oculata Average Cell Growth Rate and Cell Doubling Time
	Note : P0 (Walne nutrient 1 ml L-1), P1 (tofu liquid waste fertilizer 1 ml L-1), P2 (tofu liquid waste fertilizer 3 ml L-1), P3 (tofu liquid waste fertilizer 5 ml L-1), P4 (tofu liquid waste fertilizer 7 ml L-1) and SD = Standard Deviation, different ...
	Table 5. Environment Condition of Nannochloropsis oculata Culture
	Note : aBanerjee et al., 2011; bSun et al., 2018; cGu et al., 2012;  dBudiono et al., 2018 and  P0 (Walne  nutrient 1 ml L-1), P1 (tofu liquid waste fertilizer 1 ml L-1), P2 (tofu liquid waste fertilizer 3 ml L-1), P3 (tofu liquid waste fertilizer 5 m...
	Discussion
	Nitrogen (N), phosphorus (P), iron (Fe), zinc (Zn) and manganese (Mn) in tofu liquid waste fertilizers are nutrients that play an important role in the cell division process which then affects doubling time, growth rate and cell density. Bisova and Za...
	Environment Condition of Nannochloropsis oculata Culture
	The salinity of the culture media in this study ranged from 30.0 to 38.8 ppt. The normal range of culture media salinity is 25.0-45.0 ppt (Gu et al., 2012). The increase in salinity caused by the evaporation process of culture media due to heat from t...
	The light intensity of the culture chamber in this study ranged from 5,210-5,960 lux. The normal range of light intensity of culture chamber is 3,000-9,000 lux (Budiono et al., 2018). Light intensity in the study has been able to support the growth of...
	Tofu liquid waste fertilizer with different concentrations affects the growth of Nannochloropsis oculata and the concentration that can provide the best growth found in the treatment P3, namely the tofu liquid waste fertilizer 5 ml L-1.
	5. ACKNOWLEDGE
	We as authors would like to express our sincere gratitude to all individuals and institutions that supported this research. Special thanks to the Faculty of Fisheries and Marine Airlangga University for providing the facilities and resources necessary...
	Alori, E. T., B. R. Glick and O. O. Babalola. 2017. Microbial Phosphorus Solubilization and Its Potential for Use in Sustainable Agriculture. Frontiers in Microbiology, 8 (971) : 1-8. https://doi.org/10.3389/fmicb.2017.00971
	Ashour, M. and A. K. El-Wahab. 2017. Enhance Growth and Biochemical Composition of Nannochloropsis oceanica, Cultured under Nutrient Limitation, Using Commercial Agricultural Fertilizer. Journal of Marine Science: Research and Development, 7 (4) : 1-5...
	Banerjee, S., W. E. Hew, H. Khatoon, M. Shariff and F. M. Yusoff. 2011. Growth  and Proximate Composition of Tropical Marine Chaetoceros calcitrans and Nannochloropsis oculata Cultured Outdoors and Under Laboratory Conditions. African Journal of Biote...
	Bisova, K. and V. Zachleder. 2014. Cell-Cycle Regulation in Green Algae Dividing by Multiple Fission. Journal of Experimental Botany, 17 : 1-18. https://doi.org/10.1093/jxb/ert466
	Budiono, R., H. Juahir, M. Mamat, Sukono and M. Nurzaman. 2018. Modelling Interaction of CO2 Concentration and the Biomass Algae Due to Reduction of Anthropogenic Carbon Based on Predator-Prey Model. International Journal of Applied Environmental Scie...
	de Mesquita, A. R. C., L. P. da Mota, S. I. J. da Cruz, V. F. de Lima, V. M. S. Filho, A. A. Araujo, T. L. da Silva, K. F. Araujo and L. S. Macedo. 2017. Metabolism and Physiology of Lactobacilli : A Review. Journal of Environmental Analysis and Progr...
	Dianursanti, B. T. Rizkytata, M. T. Gumelar and T. H. Abdullah. 2014. Industrial Tofu Wastewater as a Cultivation Medium of Microalgae Chlorella vulgaris. Energy Procedia, 47 : 56-61. https://doi.org/10.1016/j.egypro.2014.01.196
	Dou, X., X. Lu, M. Lu, L. Yu, R. Xue and J. Ji. 2013. The Effects of Trace Elements on The Lipid Productivity and Fatty Acid Composition of Nannochloropsis oculata. Journal of Renewable Energy, 2 (1) : 1-6.  https://doi.org/10.1155/2013/671545
	Endar, V., S. J. Hutabarat and B. Prayitno. 2012. Effect of Using Guillard and Walne Technical Culture Media on Growth and Fatty Acid Profiles of Microalgae Skeletonema sp. in Mass Culture. Journal of Coastal Development, 16 (1) : 50- 56.
	Flynn, K. J. and J. A. Raven. 2017. What is The Limit for Photoautotropic Plankton Growth Rates ?. Journal of Plankton Research, 39 (1) : 13-22. DOI:10.1093/plankt/fbw067
	Hii, Y. S., C. L. Soo, T. S. Chuah, A. M. Azmi and A. B. A. Munafi. 2011.  Interactive Effect of Ammonia and Nitrate on The Nitrogen Uptake by Nannochloropsis sp.. Journal of Sustainability Science and Management, 6 (1) : 60-68.
	Masodijek, J.,G. Torzillo and M. Koblizek. 2013. Handbook of Microalgal Culture: Applied Phycology and Biotchnology. 2nd Edition. John Wiley and Sons. New York. pp. 21-36. DOI: 10.1002/9781118567166.ch6
	Mayhead, E., A. Silkina, C. A. Llewellyn and C. Fuentes-Grunewald. 2018. Comparing Nutrient Removal from Membrane Filtered and Unfiltered Domestic Wastewater Using Chlorella vulgaris. Biology, 7 (12) : 1-21. doi: 10.3390/biology7010012
	Paes, C. R. P. S., G. R. Faria, N. A. B. Tinoco, D. J. F. A. Castro, E. Barbarino and S. O. Lourenço. 2016. Growth, Nutrient Uptake and Chemical Composition of Chlorella sp. and Nannochloropsis oculata Under Nitrogen Starvation. Latin American Journal...
	Sanz-Luque, E., A. Chamizo-Ampudia, A. Llamas, A. Galvan and E. Fernandez. 2015. Understanding Nitrate Assimilation and Its Regulation in Microalgae. Frontiers in Plant Science, 6 (2) : 1-17. https://doi.org/10.3389/fpls.2015.00899
	Schweitzer, H., K. E. Murray and F. G. Healy. 2014. Evaluation of Media and Nitrogen:Phosphorous Ratios for Optimal Growth of Biotechnologically Important Unicellular Microalgae. American Journal of Biomass and Bioenergy, 3 (3) : 139-150. DOI:10.7726/...
	Tulashie, S. K. and S. Salifu. 2017. Potential Production of Biodiesel from Green Microalgae. Biofuels : 1-8. DOI:10.1080/17597269.2017.1348188
	Widayat, J. Philia and J. Wibisono. 2018. Cultivation of Microalgae Chlorella sp. on Fresh Water and Waste Water of Tofu Industry. International Conference on Energy, Environment and Information System (ICENIS), 31 : 1-3. DOI:10.1051/e3sconf/20183104009

