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Microalgae is potential microorganism that grow in the water and has many benefits. Nannochloropsis
sp. is a potential green algae that is widely used because it is easily cultivated and contains high
nutrition. Nannochloropsis sp. commercially used as food ingredients, agricultural fertilizers, biomass
energy, and the pharmaceutical industry. IAA and BAP are plant growth regulator that affect the growth
and biochemical content of several species of microalgae. The Objectives in this study to determine the
growth profile of Nannochloropsis sp. on culture media by treating a combination of IAA and BAP in
various concentrations. The methods in this study are preparation and sterilization of tools and culture
media, making Conway fertilizer, making stock solutions of IAA and BAP, determining starter time, and
microalgae cultivation with a combination treatment of IAA and BAP. The variation of IAA and BAP
concentrations consisted of 0; 0.1; 1; 10 mg/L. Data analysis is used quantitatively with a theoretical
approach. We showed that the highest growth was in the treatment of IAA 0.1 + BAP 1 mg/L with an OD
value of 1.358 at the end of the exponential phase. Our result showed that combination IAA and BAP
can increase growth of Nannochloropsis sp.
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INTRODUCTION advantages that are easily cultivated.

Microalgae were a group of unicellular
organisms that include plant-like protists (Miazek
et al.,, 2017). They were live in waters and
photosynthesize to produce biomass (Nur, 2014).
Microalgae  are  classified as  potential
microorganisms because they have the ability to
use light energy efficiently and high adaptability to
the environment so that it has many benefits
(Endrawati and Riniatsih, 2013). Nannochloropsis
sp. is a unicellular green microalgae that is
commercially used as food ingredients,
agricultural fertilizers, biomass energy, and
pharmaceutical industry because it contains
protein, carbohydrates, lipids, and various kinds of
minerals (Darsi et al., 2012). In addition, they had

Nannochloropsis sp. has high nutrition compared
to other microalgae. Nutritional content of
Nannochloropsis sp. includes protein 52.11%;
carbohydrates 16.00%; fat 27.65%; EPA 30.50%;
total w3-HUFA 42.70%; vitamin C 0.85%; and
chlorophyll-a 0.89% (Dayanto et al.,, 2013).
Growth of Nannochloropsis sp. influenced by
several factors, one of the main factors is the
composition of culture media.

The right composition of culture media can
increase the growth and biochemical content of
microalgae (Jati et al., 2012). Research by Park et
al., (2013) stated that the addition of growth
regulators (ZPT) of auxin and cytokinin in culture
media can increase microalgae growth by
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controlling internal biochemical pathways. PGR is
a synthetic organic compound that has the same
structure and effect as phytohormone. These
organic compounds are not small amounts of
active nutrients and give a biochemical,
physiological and morphological response
(Yuliantina, 2013). The addition of a growth
regulator for auxin and cytokinin to microalgae
culture media can increase biomass and its
biochemical content.

Indole 3-acetic acid (IAA) was the most
abundant natural auxin. IAA plays a role in
regulating cell growth and elongation. IAA can
stimulate cell division, biomass production, and
pigment biosynthesis in microalgae (Koslova et
al.,, 2017). In addition, 1AA is also more effective
than IBA and NAA in increasing the growth and
composition of microalgae Chlorella pyrenoidosa
and Scenedesmus quadricauda cells. The
addition of 10 mg / L IAA in the Chlorella
sorokiniana IAM C212 cultivation media produced
the highest dry weight of 4.68 g / | (Ozioko et al.,
2015). According to Salama et al., (2014) the
concentration of IAA 10 to 10 M can increase
growth, biomass, lipid content, and carbohydrate
Scenedesmus obliquus (Salama et al., 2014). 6-
Benzyl Amino Purine (BAP) is a plant growth
regulator type of cytokinin which acts to stimulate
cell division and accumulation of photosynthetic
pigments (Lizawati et al., 2009; Han et al., 2018).
The study of Du et al., (2017) showed that the
addition of BAP 1 mg / | can increase the growth
of Chlorella pyrenoidosa with cell density of 23.58
x 10% on the 12 days of cultivation and lipid
content of 14.70 mg / |. Addition of cytokinins to
Chlorella vulgaris has an effect on the
accumulation  of  photosynthetic  pigments
(Piotrowska et al., 2009). The study of
Kokkiligadda et al., (2017) shows that the addition
of 4 mg/L BAP can increase lipid content and
biomass 1.26 times higher in microalgae. The
objective of this study was to determine the
growth profile of Nannochloropsis sp., by treating
a combination of IAA and BAP in various
concentrations.

MATERIALS AND METHODS
The research was conducted on 10" of
September to 2" of November, 2018 at the
Laboratory of Plant Biosciences and Technology,
Department of Biology, Faculty of Sciences,
Sepuluh Nopember Institute of Technology,
Surabaya.
The tools used include 500 ml glass bottles,
volume pipettes, drop pipettes, measuring cups,

glass preparations, glass cover, heat resistant
plastic, plastic hoses, 0.22 um filter syringes,
cuvettes, culture racks, aerators, microscopes
compound, spectrophotometer, autoclave,
refractometer, pH meter, and Laminar Air Flow
(LAF). While the ingredients used in this study are
Nannochloropsis sp. with a density of 107 cells/ml
from the Natural Feed Laboratory of the Brackish
Aquaculture Center (BPBAP) Situbondo, sea
water, Indole 3-acetic acid (IAA), 6-Benzyl Amino
Purine (BAP), Conway fertilizer, aquades, and
70% alcohol .

This study consisted of 5 stages: preparation
and sterilization of tools and culture media,
making Conway fertilizer, making stock solutions
for IAA and BAP, determining the start time, and
microalgae cultivation. Sea water used as a
culture medium is regulated by salinity 30-32 ppt
using a refractometer and pH 7-8 using pH meter.
All glassware and seawater are sterilized using an
autoclave at 121°C with a pressure of 1 atm for 15
minutes. While the plastic hose is sterilized by
immersion in sodium hypochlorite (NaClO)
solution for 10-15 minutes, then washed and put
in heat-resistant plastic to be sterilized using
autoclave. Conway fertilizer is made with a
composition of Na2EDTA (45 g/L), NaNOs (100
g/L), Hs:BOs (33,6 g/L), Na:HPO4 (20 g/L),
MnCl2.4H20 (0.36 g / L), FeCls.6H20 ( 1.3 g/L),
ZnClz (2.1 g/L), CoCl.6H0 (2 glL),
(NH4)6M07024.4H20 (0.9 g/L), CuSO4.5H.0 (2
g/L), vitamin B12 (1 ml/L), and vitamin B1 (1 ml/L).
Making IAA stock solution using 1 N NaOH
solvent while BAP wusing 1 N HCI with a
concentration of 100 mg/L and 1000 mg/L. Next,
the stock solution is sterilized with a syringe filter
(0.22 pm) in Laminar Air Flow (LAF). The start
time is 300 ml by inoculating 10% of the total
culture volume and adding 1 ml/L of Conway
fertilizer. After that it was cultivated until the death
phase to make a growth curve and determine the
start time. Nannochloropsis sp., cultivated at 500
ml using 10% seeds, aged starter, IAA and BAP
with variations in concentration each consisting of
0; 0.1; 1; 10 mg/L, and 1 ml/L Conway fertilizer.
Culture is regulated with ambient temperatures of
25-27°C, light intensity 900-1000 Ilux, and
photoperiod bright: dark 24: 0. Furthermore, cell
density measured every 24 hours starting from the
first day to the death phase using a UV Vis
spectrophotometer with a wavelength of 680 nm.
Measured Optical Density (OD) is used as the y
axis and time (observation day) as the x axis to
make the growth curve.
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RESULTS

Observation results of growth of
Nannochloropsis sp. for 14 days shown in Figure
1. Based on the graph of the growth curve can be
determined the growth phases of Nannochloropsis
sp. and the age of the starter. The growth of
microalgae normally consists of the lag phase, the
exponential phase, the stationary phase, and the
death phase (Ru’yatin et al., 2015). Based on
Figure 1 the growth lag phase of Nannochloropsis
sp. on days 1 to 2, the exponential phase on days
2 to 10, the stationary phase on days 9 to 11 and
the phase of death on days 11 to 14. While the
time of the start of Nannochloropsis sp. in the half
exponential phase that is on day 6. Starter age
microalgae will be used for cultivation in
combination treatment media IAA and BAP. This
is because in this phase active microalgae cells
multiply through division. In this phase the
enzymes and metabolites needed for cell division
are available. In addition, absorption of nutrients
occurs rapidly for growth (Prayitno, 2015).

BAP 1 mg/L is suspected because of the main
role of the combination of IAA and BAP
concentrations that work optimally. IAA and BAP
are classified as growth regulating substances
which are non-nutrient organic compounds that
are active in small amounts and give a
biochemical, physiological, and morphological
response (Yuliantina, 2013). Its activities in growth
depend on the type, chemical structure, genotypic
concentration, and physiological phase of the
organism (Yulizar et al., 2014; Lestari, 2011; Allaf,
2013). Several studies have stated that the
addition of a growth regulator of auxin and
cytokinin to microalgae culture media can
increase the growth rate, biomass and
biochemical content (Koslova et al., 2017). I1AA is
a growth regulator for auxin which plays a role in
regulating cell growth and elongation. IAA can
stimulate cell division, biomass production, and
pigment biosynthesis in microalgae thus
increasing growth (Koslova et al., 2017). IAA with
a concentration of 0.1 mg/L produced the highest
growth when combined with BAP 1 mg/L.
However, in the study of Ozioko et al., (2015) the
addition of single IAA in Chlorella sorokiniana IAM
C212 culture media had the highest growth with a
concentration of 10 mg/L which resulted in dry
weight of 4.68 g/L. Likewise in the study of Park et
al.,, (2013) showed that a single IAA 10 mg/L
could increase the size of Chlamydomonas
reinhardtii microalgae cells.

Growth Curve of Nannochloropsis sp.
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Figure 2; (A) Nannochloropsis sp. (400x); (B)
Culture of Nannochloropsis sp.

This shows that IAA works more optimally in low
concentrations when combined with other growth
regulators, including BAP, cytokines. In addition,
each species of microalgae has a different
response to the growth regulator given. BAP
(concentration of 1 mg / L) produced the highest
growth when combined with IAA 0 mg / L. The
study of Du et al.,, (2017) also shows that the
addition of BAP 1 mg / | can increase the growth
of Chlorella pyrenoidosa. BAP is a growth
regulating type of cytokinin which acts to stimulate
cell division and accumulation of photosynthetic
pigments (Lizawati et al., 2009; Han et al., 2018).
The lowest growth with the treatment of I1AA
10 + BAP 0.1 mg/L is thought to be due to high
IAA concentrations when combined with BAP so
that it no longer stimulates growth but inhibits
growth. Provision of plant growth regulators that

are too high can inhibit growth because
microalgae also produce endogenous
fitohormones so they become unbalanced

(Nursetiadi, 2016; Koslova et al., 2017). While the
concentration of BAP 0.1 mg / L is thought to not
meet the needs of microalgae to stimulate higher
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growth.

The role of IAA which is classified as a growth
regulator of auxin in stimulating the growth of
microalgae cells is to induce cell growth and
elongation by loosening the cell wall at low pH,
thus triggering cell elongation faster through
signaling TIR/AFB. Auxin stimulates proton H*
ATPase activity in the plasma membrane. Proton
(H*) from the cytoplasm will enter through the
proton H*ATPase pump to the cell wall matrix and
result in acidification of apoplast (pH 4.5-6). The
H* ion on the cell wall activates the enzymes that
play a role in deciding some of the cross-bonds of
hydrogen in the cellulose molecule chain that
make up the cell wall. This process also induces
hyperpolarization of the plasma membrane and is
regulated by the Small Auxin Up-RNA (SAUR)
protein. Potassium pump activation also occurs so
that potassium ions are pumped into the
cytoplasm (Pamungkas et al., 2009; Majda and
Robert, 2018). Increased potassium concentration
stimulates absorption of water into the cytoplasm
to maintain turgor pressure in the cell, so that the
cell undergoes expansion because the cell wall
experiences tensile stress. After experiencing a
stretch that causes cell elongation, the cell wall
will re-stiffen due to metabolic activity of Ca?*
absorption from outside the cell to perfect the
arrangement of calcium pectat in the cell wall
(Hasanah and Setiari, 2007).

The role of BAP which is classified as a
cytokinin growth regulator is to stimulate cell
division by increasing the rate of protein synthesis
(Lizawati et al., 2009). The process of cell division
is influenced by enzymes, namely Cyclin-
dependent kinase. CDK influences the transition
of G1 to S and G2 phases to M. CDK in
collaboration with several types of cyclin in the cell
division cycle. The transition of phase G1 to S is
regulated by cyclin-D (CYCD). CYCD work is
influenced by the presence of hormones and
sucrose. Hormones and sucrose will form active
complexes of CYCD and CDKA. This complex
activates the E2F promoter to activate
transcription genes in phase S. While the
transition phase G2 to M is influenced by CDK-
CYC. Increased activity of the CDK-CYC complex
will accelerate the transition from the G2 to M
phase (Arif et al., 2007). Therefore, if the cytokinin
works optimally the cells divide faster.

Based on Figure 3 the growth curve of
Nannochloropsis sp. can be determined the
phases of growth. The growth of microalgae
normally consists of the lag phase, the
exponential phase, the stationary phase, and the

death phase (Ru'yatin et al., 2015). The highest
growth was in the treatment of IAA 0.1 + BAP 1
mg/L, while the lowest growth was in IAA 10 +
BAP 0.1 mg/L. Phase lag or adaptation phase in
the treatment of IAA 0.1 + BAP 1 mg/L on days 1
to 2, while the lag phase in the treatment of IAA
10 + BAP 0.1 mg/L on days 1 to 3. Phase lag is
the phase when microalgae growth is slow,
however, it increases in cell size. Photosynthesis
takes place in this phase, but cell division has not
yet occurred so that the density has not
increased. Microalgae cells physiologically
prepare themselves to divide at a certain age by
producing enzymes and other metabolic
compounds needed for cell division (Prayitno,
2015). Some parameters that affect the time of
the lag phase are the type and age of
microorganism cells, the size of the inoculum and
the condition of the growing media. If cells grow in
a nutrient-deficient medium, the phase time is
adapted longer, because cells must produce
enzymes that are in accordance with the types of
nutrients available (Ru’yatin et al., 2015).

Growth Curve of Nannochloropsis sp.
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Figure 3; Growth Curve of Nannochloropsis
sp. with Addition of IAA and BAP with
Variations in Concentrations of Each 0; 0.1; 1;
10 mg/L

Exponential phase on treatment of IAA 0.1 +
BAP 1 mg/L on day 11 with OD value 1.358, while
exponential phase at treatment IAA 10 + BAP 0.1
mg/L on day 11 with OD value 0.321. The
exponential phase is a phase when the growth of
the microalgae population increases significantly
because active microalgae cells multiply through
division. In this phase the enzymes and
metabolites needed for cell division are available.
The growth phase with the highest CO2 uptake
and biomass formation occurs at the exponential
phase. In this phase also, absorption of nutrients
occurs quickly so that nutrients in the media are
reduced. Availability of nutrients that decrease in
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the media quickly becomes one of the microalgae
growth factors entering the stationary phase
(Prayitno, 2015). Increased microalgae cell
density is also followed by increasing salinity in
culture media. Salinity of Nannochlorosis sp.
culture media increased from an average of 30
ppt to 41 ppt. Salinity has an effect on cell
organisms in maintaining osmotic pressure with
their environment (Ru'yatin et al, 2015).
Microalgae cultures at lower or higher levels of
salinity can change growth rates and cause
varying compositions in microalgae cells. The
stress of salinity can also reduce photosynthetic
activity because electron transport is limited
(Chavan et al., 2014). Nannochloropsis sp. can
grow on sea water media with salinity 0-35 ppt
(Suryanto, 2009).

Stationary phase at 0.1 BAP |AA treatment 1
mg/L on days 9 to 12, while stationary phase at
IAA 10 BAP treatment 0.1 mg/L on days 7 to 12.
Stationary phase is the phase when the
population density increase is balanced with the
mortality rate so that the rate of population growth
is small. The number of cells tends to remain
because cells have reached a saturation point
(Ru'yatin et al., 2015). In this phase there is an
accumulation of toxic compounds caused by
metabolism of microalgae, lack of nutrients, and
changes in environmental conditions (Hadiyanto
and Azim, 2012).

The death phase in the treatment of 0.1 BAP
IAA 1 mg/L on days 12 to 14, while the death
phase in the treatment of IAA 10 BAP 0.1 mg/L on
days 12 to 14. The death phase is the phase
when there is a decrease in population density
microalgae. In this phase, in the culture media
there is competition for living and nutrition
because the number of cells increases with the
volume of media and nutrients remain. In addition,
there is a decrease in water quality and
accumulation of metabolites (NO% and NHai) so
that the cell death rate is higher than the rate of
cell growth (Ru’yatin et al., 2015; (Lavens and
Sorgeloos, 1996).

Based on the results of the study, the addition
of 0.1 BAP and IAA 1 mg/L can increase the
growth of Nannochloropsis sp. The composition of
culture media with the addition of IAA and BAP
can be used as a reference for mass cultivation of
Nannochloropsis sp. In addition, known growth
patterns can be used to determine the right
harvest time. Harvesting is done to obtain the
highest amount of biomass that can be used for
various benefits. Harvesting must be done in the
final phase of the exponential growth of

microalgae (Ru’yatin et al., 2015).

CONCLUSION

Based on the results of the study it can be
concluded that Nannochloropsis sp. cultivated in
the media with the addition of IAA 0.1 + BAP 1
mg/L resulted in the highest growth with a value of
OD 1.358 in the exponential final growth phase.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

This paper and the research behind it wouldn’t
have been possible without exceptional support of
Head Department of Biology ITS and everyone
there. The Natural Feed Laboratory of the
Brackish  Aquaculture Center (BPBAP) in
Situbondo that provided the isolate. All parties
who participated indirectly so that this research
was take place well.

AUTHOR CONTRIBUTIONS

DE designed and performleed the experiments.
AA wrote the manuscript. DE, SN, and AER,
performed microalgae treatments, experiments,
cultures, and data analysis. AA and DE designed
experiments and reviewed the manuscript. All
authors read and approved the final version.

Copyrights: © 2019 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Allaf, M.M. 2013. Effect of Plant Hormones on The
Production of Biomass and Lipid in
Microalgae. Thesis.The School of Graduate
and Postdoctoral Studies The University of
Western Ontario.

Arif, N., Azhar, A., and Teguh, W. 2014. Induksi
tunas gadung (Diocorea hispida Dennst)
secara in vitro.

Chavan, K.J., S. Chouchan, S. Jain, P. Singh, M.
Yadav, and A. Tiwari. 2014. Environmental

Bioscience Research, 2019 volume 16(3): 2402-2408

2406


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Ermavitalini et al.,

Growth profile of Nannochloropsis sp

Biodiesel
Engineering

Factors Influencing Algal
Production.  Environmental
Science. 31(11): 602-611.

Darsi, R., A. Supriadi, and A.D. Sasanti. 2012.
Karakteristik Kimiawi dan Potensi
Pemanfaatan Dunaliella  salina  dan
Nannochloropsis sp. Fistech. 1(1): 1-14.

Dayanto, L.B.D., R. Diantarai, and S.Hudaidah.
2013. Pemanfaatan Pupuk Cair TNF untuk
Budidaya Nannochloropsis sp. e-Jurnal
Rekayasa dan Teknologi Budidaya Perairan.
2(1): 164-168.

Endrawati, H. and I. Riniatsih. 2013. Kadar Total
Lipid Mikroalga Nannochloropsis oculata
yang dikultur dengan suhu yang berbeda.
Buletin Oseanografi Marina. 1: 25-33.

Hadiyanto and M. Azim. 2012. Mikroalga Sumber
Pangan dan Energi Masa Depan. Semarang:
UNDIP Press.

Han X., H. Zeng, P. Bartocci, F. Fantozzi, and Y.
Yan. 2018. Phytohormones and Effects on
Growth and Metabolites of Microalgae: A
Review. Fermentation. 4 (25): 1-15.

Hasanah, N. Farida and N. Setiari. 2007.
Pembentukan Akar pada Stek Batang Nilam
(Pogostemon  cablin  Benth.) setelah
direndam Iba (Indol Butyric Acid) pada
Konsentrasi Berbeda. Buletin Anatomi dan
Fisiologi, Vol. 15(2): 1-6

Jati, F. J. HUtabarat, and V.E. Herawati. 2012.
Pengaruh Penggunaan Dua Jenis Media
Kultur Teknis yang Berbeda Terhadap Pola
Pertumbuhan, Kandungan Protein dan Asam
Lemak Omega 3 EPA (Chaetoceros gracilis).
Journal of Agquaculture Management and
Technology. 1(1):221-235Jurnal AgroBiogen.
7 (1): 63-68.Jurnal Agroteknos. 4 (3): 202-
207.

Kokkiligadda, S., B. Pandey, and S.R. Ronda.
2017. Effect of Plant Growth Regulators on
Production of Alpha-Linolenic Acid from
Microalgae Chlorella pyrenoidosa. Sadhana.
42:1821-1824.

Koslova, T.A., B.P. Hardy, P. Krishna, and D.B.
Levin. 2017. Effect of Phytohormones on
Growth and Accumulation of Pigments and
Fatty Acids in the Microalgae Scenedesmus
guadricauda. Algal Research. 27: 325-334.

Lavens, P. and P. Soreloos. 1996. Manua on Te
Poduction and Use of Liv Fod for quaclture.
FAO Fisheries Technical Paper. 301:295.

Lestari, E.G. 2011. Peranan zat pengatur tumbuh
dalam perbanyakan tanaman melalui kultur
jaringan.

Lizawati, Trias, N., and Ragapadmi, P. 2009.

Induksi dan multiplikasi tunas jarak pagar
(Jatropha curcas L.) secara in vitro. Jurnal
Agronomi Indonesia. 37 (1): 78-85.

Majda, M. and Robert, S. 2018. The Role of Auxin
in Cell Wall Expansion. International Journal
of Molecular Science. 19(951): 1-21.

Miazek, K., L. Kratky, R. Sule, T. Jirout, M.
Aguedo, A. Richel, and D. Goffin. 2017.
Effect of Organic Solvents on Microalgae
Growth, Metabolism and Industrial
Bioproduct Extraction: A Review.
International Journal of Moleculer Sciences.
18 (1429): 1-31.

Nur, M.M.A. 2014. Potensi Mikroalga sebagai
Sumber Pangan Fungsional di Indonesia
(overview). Eksergi.9(2): 1-6.

Nursetiadi, E., Endang, Y., and Retna, B.A. 2016.
Pengaruh Macam Media Dan Konsentrasi
BAP  Terhadap  Multiplikasi Tanaman
Manggis (Garcinia mangostana) secara in
vitro. Bioteknologi. 13(2): 63-72.

Ozioko, F.U., N.V. Chiejina, and J.C. Ogbonna.
2015. Effect of Somephytohormones On
Growth Characteristics of Chlorella
sorokinianal AM-C212 Under
Photoautotrophic Conditions. African Journal
of Biotechnology. 14(30): 2367-2376.

Pamungkas, F. T., D. Sri and D. Budi. 2009.
Pengaruh Konsentrasi dan Lama
Perendaman dalam Supernatan Kultur
Bacillus sp. 2 DUCC-BR-K1.3 terhadap
Pertumbuhan Stek Horisontal Batang Jarak
Pagar (Jatropha curcas L.). Jurnal Sains &
Matematika, Vol. 17(3): 131-140.

Park, W., G. Yoo, M. Moon, C.W. Kim, Y. Choi,

and J. Yang. 2013. Phytohormone
Supplementation  Significantly  Increases
Growth of Chlamydomonas reinhardtii

Cultivated for Biodiesel Production. Appl
Biochem Biotechnol. 171:1128-1142.

Piotrowska, A., and R. Czerpak. 2009. Cellular
Response of Light/Dark-Grown Green Alga
Chlorella vulgaris Beijerinck (Chlorophyceae)
to Exogenous Adenine- and Phenylurea-type
Cytokinins. Acta Physiologiae Plantarum. 31,
573-585.

Prayitno, J. 2016. Pola Pertumbuhan dan
Pemanenan Biomassa dalam Fotobioreaktor
Mikroalga untuk Penangkapan Karbon.Jurnal
Teknologi Lingkungan. 17(7):45-52.

Salama. E. A.N. Kabra, M. Ji, J.R. Kim, B. Min,
and B. Ji. 2014. Enhancement of Microalgae
Growth and Fatty Acid Content Under The
Influence of Phytohormones. Bioresource
Technology. 172: 97-103.

Bioscience Research, 2019 volume 16(3): 2402-2408

2407



Ermavitalini et al.,

Growth profile of Nannochloropsis sp

Suryanto, H. Sukarni, and U. Yanuhar. 2009.
Studi Eksporasi Potensi Mikroalga Laut
sebagai Sumber Energi  Terbarukan.
Seminar Nasional Teknik Mesin IV.

Yuliantina, E. Usman, and N. Predita. 2013.
Pengaruh Pemberian Zat Pengatur Tumbuh
terhadap Pertumbuhan Stum Mata Tidur
Karet (Hevea brasiliensis Muell Arg.) Klon
BPM. Jurnal Agroeteknologi. 5(1): 25-32.

Yulizar, D.R., Zozy, A.N., and M., Idris. 2014.
Induksi tunas kunyit putih (Curcuma zedoaria
Roscoe) pada media ms dengan
penambahan berbagai konsentrasi BAP dan
sukrosa secara in vitro. Jurnal Biologi
Universitas Andalas. 3 (4): 310-316.

Bioscience Research, 2019 volume 16(3): 2402-2408 2408



